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OIL MOTOR CARS O F  1902. 

- 
BY CAPTAIX C. C. LONGRIDGE, Member, OF LOSDOS. 

I n  offering this Paper, the author does not wish to burden 
Members with details, but rather to advance for discussion debatable 
points in the principles of construction embodied in the latest cars. 
It is in this sense the various sections which follow are dealt with :- 

Types of Hotors.-With very few exceptions, petrol car engines 
are of the vertical single-acting Otto type ; variations where made 
consist chiefly of horizontal Ottos, or more often horizontal 
motors, in which one cylinder contains two pistons, between which 
explosion takes place, such as the Koch, Gobron-BrilliB, PrBtot, 
Hyler-White, Lucas, and a number of others. 

There are, therefore, two prevailing positions and two classes of 
engines. As regards position, the vertical is far the more common. 
From the standpoint of the automobile engineer, the case stands 
thus :-Advocates of vertical fixing assert better accessibility and 
adaptation to the usual method of drive; those of the horizontal 
claim less vibration,* lower centre of gravity, easier lubrication, and 
room for a longer stroke-a requirement for the u8e of alcohol and 
h e a q  oils. They might also appeal to the almost universal 

* The impulse being at right angIes to the spring system of tlie vchicle. 
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practice of gas and oil-engine makers. I n  America, there is a 
tendency to adopt the horizontal position,* and i t  is not unlikely 
that Europe will follow suit. Between the types of engines, the 
comparison stands thus : simplicity and probably economy lie with 
the single-acting Otto; greater smoothness of running with the 
one-cylinder tWO-pistOn type. From the persistency and extension of 
its use, it is clear that manufacturers consider this latter advantage 
to more than compensate for increased complication, which, after all 
in these small motors, is not so great. 

The author himself holds that neither type is going to stay. 
The ultimate ev6lution will  be the impulse-every-revolution engine. 
The aim of manufacturers is obviously towards elimination of change- 
speed gear by increasing the flexibility or elasticity of the motor. 
The car explosion motor has to be more and more assimilated to the 
character of the steam-engine. To this assimilation, there is only 
one successful road. To obtain steady running from the highest to 
the lowest speed, impulse must be multiplied ; and 8s the number 
of cylindem is limited-the fewer the better t-recourse must be had 
to the impulse-every-revolution motor. I n  this belief, the author has 
recently patented an engine in which impulse in every cylinder is 
obtained et  every revolution. The cycle is exceedingly simple, and, 
as high compression is used, efficiency and economy should result. 
The author had not intended to describe this engine; but, in 
deference to an opinion that i t  might add interest to the Paper, 
he will briefly outline the principles of construction and 
advantages claimed. The motor consists of two, or multiple of 
two, side-by-side cylinders, closed at both ends. The rear end 
forms the compression chamber, in which explosion takes 
place; the front end is an air-receiver. The front end or air- 

* This year the proportion of horizontal to vertical motors is about fourteen 
to nine. 

t The multiple cylinder motor costs more to make: uses more fuel and 
lubricant for the some amount of work ; and requires more attention and more 
repairs, since there are more parts. In America, last season, 58 per cent. 
of the car3 were multiple cylinder ; this year the percentage has fallen to 52. 
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chamber of each cylinder is connected by a pipe or passage to the 
rear end or compression chamber of the other cylinder. This tube 
or passage is provided at both ends with valves, and serves to transfer 
air from the air-chamber of the one cylinder to the compression 
chamber of the other. The compression chambers are provided with 
ample exhaust-valves, and the air-chambers are fitted with automatic 
inlet-valves. All other valves are mechanically operated. The 
oil, atomized by a small compressed air-jet, is fed, under control of 
the governor, into the combustion chamber, at the end o\f the 
compression stroke. 

The action is as follows :-Assume the piston in No. 1 cylinder 
to be at  the end of its compression stroke, and that in No. 2 cylinder 
at  the end of its working stroke. The front of No. 1 cylinder is full 
of air; the rear of No. 2 cylinder is full of burnt gases. The 
oompressed charge in No. 1 is now carburetted and fired, the piston 
advances, compressing the air in front ; the piston in No. 2 retreats, 
expelling the waste gases. At about half-stroke, the exhaust valve in 
No. 2 is closed, and simultaneously the inlet valves (one at either end 
of the inlet tube) are opened, and the full charge of air, already 
under compression, is pumped from the front of No. 1 cylinder into 
the compression chamber of No. 2. On the completion of the No. 2 
cylinder compression stroke, atomized oil is injected (the Diesel 
engine illustrates the method) and is fired ; at starting,by the electric 
spark, and afterwards, perhaps, by hot surface contact ignition, 
oil-injection can be effected at once or gradually, as desired. 

The advantages claimed are :- 
1. Impulse every revolution in each cylinder without extraneous 

2. Perfect cushioning and easy running. 
3. Very high compression, with diluted charge and, therefore, 

economy. 
4. Absolute immunity from premature ignition, a factor that 

militates against high compression in other engines. 
5. High initial temperature of the charge, without corresponding 

rarefaction. Therefore very favourable conditions for ecbsy ignition, 
rapid inflammation, and high power. 

pumps. 
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6. A method of oil injection that admits of the engine being run 
as an explosion at  constant volume engine, or a combustion at constant 
pressure engine.* 

7. Equal adaptability to petrol or heavier oils. 
The feature that will, no doubt, be pronounced peculiar, if not 

objectionable, is the large proportion of exhaust gases left in the 
cylinder. The author, however, believes that when, as in the present 
case, the weight of incoming charge can be made independent of 
rarefaction by imparted heat, and the risk of premature ignition is 
avoided, the presence of exhaust gases, even to a large amount, is not 
detrimental, and that, in view of the higher compression used, the 
engine will be more economical than the petrol motors now on the 
market. Nearly two years ago, recognising the possibly even and 
beneficial effect of the presence of exhaust gas, and the great value of 
maintaining the compression, the author strongly recommended a 
niotor company, with which he has some connection, to adopt governing 
on the exhaust ( i e .  reducing the volume of fresh charge by retaining 
a portion of the exhaust), in preference to volume throttling. But 
the management could not bo brought to recognise the economy to be 
obtained, and adopted volume throttling. It is some satisfaction to 

* Patent No. 2182983 Gas Motoren Fabrik Deutz somewhat illustrates the 
claims 3 and 6. The specification states : In order to work economically with 
this class of motor engine, very considerably diluted mixtures may be employed, 
because the richer the mixture the higher will be the temperature of combustion 
and the greater the heat lost by conduction through the cylinder walls. But in 
diluting the mixture, a limit is soon reached at which the ignition becomes 
uncertain. According to the present invention, it is rendered possible to employ 
a rich mixture and thus ensure ignition, and yet to keep the temperature 
sufficiently low to prevent material loss, by first admitting air only under 
pressure or an inert gas (water vapour, exhaust gas, etc.) at the commencement 
of the suction stroke, and afterwards the charge of rich mixture. The quantity 
of combustible mixture admitted under these conditions is 80 proportioned that 
the increase of volume of the charge due to the heat generated is about equal to 
the volume formed in the cylinder by the motion of the piston, so that the 
evolution of heat takes place without material incrense or decrease of pressure. 
When the admission of the combustible mixture ceases, the hot gases expand to 
the end of the stroke. 
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the author to find-first, that motors governed on the exhaust have 
since established their claim to greater economy ; and secondly, that 
the conducted experiments of Mr. Frederick Grover, in 1894-5, bear 
out the views held by the author. The general results of Mr. 
Grover’s experiments, which “show that the presence of the 
products of combustion in certain mixtures actually raises, rather 
than diminishes, the maximum pressure obtained,” * are :- 

(1) t That the highest pressures are obtained when the volume 
of air present is only slightly in excess of the amount required for 
complete combustion. 

(2) That higher pressures are recorded when residual gases take 
the place of an excess of air. 

(3 )  That when the volume of the products of combustion does 
not exceed 58 per cent. of the mixture, then it is explosive, provided 
that the volume of air is not less than 5 * 5 times the volume of coal gas. 

(4) That the time of an explosion is much reduced when excem 
of air is replaced by products of combustion. 

Whether these observed facts are due to increased temperature, or 
to some chemical action, is a point open to argument. 

The advantage of high compression, claimed for this engine, 
opens up another and what might be termed a negative feature 
of present car-engines. The principle, which so greatly 
advanced the cconomy of gas-engines, has scarcely yet been 
applied to petrol motors. Reduction in fuel consumption is 
the great advantage of increased compression, or, to state i t  
otherwise, in any given mixture, the explosion pressure 
produced by ignition is proportional to the charge compression. 
In  practice there are, of course, limits to the degree to which the 
charge can be usefully compressed. These limits are fixed mainly 
by four conditions : first, the difficulty of keeping piston and valves 
tight ; secondly, the necessity of seeing that the negative work and 
the increased friction due to high compression do not exceed the 
greater efficiency obtained (the ratio of increase in efficiency 

* ‘‘ A Practical Treatise ou Modern Gas and Oil Engines,” 3rd edition, 1902, 

t Ib id ,  pzgc 231. 

~____ _-____ 

page 217. 

 at University of Birmingham on June 8, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


674 OIL NOTOR CARS OF 1902. OCT. 1902. 

decreasing as the pressure is increased) ; thirdly, the desirability of 
avoiding the excessive shock of a rich charge fired under high 
compression ; fourthly, the risk of premature ignition in a highly 
compressed charge. It may be useful to consider how far these facts 
affect present practice as regards compression. A very considerable 
advance on prevailing compressions will  have to be made before the 
first two causes of limitation come into play. The influence of the 
third factor, namely the automobile requirement of an easy running 
engine, is already at work. But the complete and satisfactory 
fulfilment of this requirement is not incompatible with the use of 
higher compressions than ure now in use. All that is required is to 
reduce the richness of the charge by using less petrol, until tho 
violeuce of the explosion is sufficiently reduced, the result being an 
easy running motor, working under the conditions of maximum 
economy, namely high compression and less loss of heat owing to the 
lower combustion temperature. Poor charges may, it is true, lead to 
increase in cylinder dimensions, but to obviate increased weight we 
may yet have recourse to steel cylinders and light water-jackets. 
The third consideration, namely, danger of premature ignition, is 
also a matter of present moment. Tao ways of surmounting this 
obstacle to high compression may be suggested. The first is, as in 
the Diesel engine, to admit the petrol at the end of the compression 
stroke. The second method, suggested by others and the author 
many years ago, is a system of internal cooling by water injection. 
To this further reference will be made. 

I n  the matter of piston speed, this year's engines show a general 
return to the earlier speeds given by 700 to 800 revolutions per minute 
normal running." This gives less wear and tear on the motor, gear, 
and firing accessories, and less difficulty in filling the cylinder ; while 
reserve power by acceleration is held in hand. In respect of slow, 
yet steady action, the impulse-every-revolution motor would possess 
a decided superiority. 

* In the 234011 lorries of R. Hagen, Cologne, a single-cylinder motor with 
normal speed of 450 revolutions is used. Motors, depending on high speed for 
power, are at a disadvantage for hill-climbing or overload, since the power falls 
rapidly a8 the engine slows down. 
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On the whole the author sees no great novelty either in the types 
of engine, and very little real advance since the days of Daimler or 
early inventors. There is undoubtedly room for a new engine and a 
ready market for a good one. 

Baterial and Methods of Manufacture.-Here, again, there is 
plenty of room for improvement. With very. rare exceptions the 
present car motors are cast-iron, solid-head, water-jacketed cylinders, 
cast complete with valve-box in one piece. I t  is scarcely possible to 
imagine a design better adapted to give trouble in the foundry or the 
workshop ; or one less in accordance with metallurgical requirements. 
A casting of this description, intricate in shape, full of angles, curves, 
bosses, ribs, varying thicknesses, etc., enormously increases the 
difficulties of moulding and producing sound castings. The number 
of masters that must and do occur in the foundry, in the machine 
and testing shops, is quite a serious matter. Apart from this 
commercial objection, a casting of this design is ill-suited to its 
purpose. ,First, because the variations of thickness and the ribs 
between the walls produce irregular expansion and contraction. 
Secondly, because i t  almost precludes the possibility of using the 
best iron for the purpose, the founder naturally working with a very 
fluid running mixture. 

While the majority of makers have been caught by the c‘ drawing- 
office ” solid-head, water-jacketed design, a ‘few more practical 
makers, such as Panhard, Mors, and Napier, have followed the plan 
of casting the cylinders separate, and adding a light aluminium, or 
rolled metal, water-jacket. This method admits of a simpler 
casting, for which the best metal can be used. 

On the question of what is the best metal, there is a difference of 
opinion. Professor Hiorns inclines to white hematite, cast in metal 
moulds. Theoretically this is no doubt correct, but commercially 
the limited output and the constant changes of design might not 
justify the cost of moulds, and the expense of grinding the cylinders. 
For these reasons, both Professor Hiorns and Professor Turner 
recommend, as an alternative, the use of the closest and hardest 
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iron that can be conveniently machined, The class of iron 
by Professor Turner as typical is :- 

Combined carbon . . . .  0.55 
Silicon . . . . . .  1.80 
Sulphur . . . . . .  0 . 10 or less. 
Manganese . . . . .  0.50 
Phosphorus . . . . .  0.75 

The casting of a cylinder, where there is any intricacy 
should be a matter for special precautions. While 

OCT. 1902. 

suggested 

of design, 
it is not 

practicable to employ a system of 0uid compression, such as the 
Whitworth or the more recent French Rarmet system (tr&Zqej, 
some equivalent should be sought by insisting on adequate head. 
Colonel Holden’s opinion is that for intricate cylinder castings a 
head of 200 per cent. by weight, that is double the weight of the 
casting, should be specified by manufacturers. The author has had 
sufficient practical experience in foundry management to concur in 
the value of ample head, if present designs are followed. 

In  view, however, of the troubles arising from porous cylinders 
and for other reasons, the author favours the substitution of steel 
tubes for cast-iron cylinders. Lightness, strength, freedom from 
flaws, easy cooling,* and probably, on the whole, cheapness, are much 
in favour of this material for small motor cylinders. Steel tubes 
screwed into a cast-steel or cast-iron head should make a good job. 
If the output warranted the initial cost in  dies, pressed steel heads 
could be made. But the steel cylinder itself would involve no great 
expen6e.t Some years ago, the author saw a small German motor 
with steel-tube cylinders, in which no running troubles were 
experienced. Another instance, probably known to all here, is the 
Holden cycle motor. The class of steel used by Colonel Holden 
contains 0.35 per cent. carbon, and no trouble has occurred. Messrs. 
Brandon and Perkins, for their Victoria motor bicycle, bore the 

* ,4n advantage enumerated in a number of patents, e.g., No. 1890895 F. W. 
Lanchester, No. 1914295 J. Grover, No. 23771% E. J. Pennington, No. 6718E 
F. O’Connor Prince, etc. 

t Methods of building steel cylinder motors are described in several patents, 
e.g., No. 4618% P. Mallet, NO. 671886 F. O’Connor Prince, No. 11491% Colonel 
H. C. L. Holden, R.A., No. 5417E S. Rolfe, etc. 
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cylinders from the solid steel bar, turning the radiating fins in the 
lathe. Messrs. Panhard and Levassor in their Paris-Vienna type 
racer, run in the last French alcohol trials, are said to have used 
cast-steel cylinders, with a copper water-jacket. In their new 

FIG. l.-Tranwmae Section of new 
“ centaure ” Motor. 

(Messrs. Panhard and Levassor.) 

The wall of each separate cylinder is of 
thin wrought steel ; the cylinder head is an 
elbow tube, cast with water-jacket, and 
contains inlet and exhaust valves, also 
ignition tube. The cylinder and head are 
united by a scraped joint and four studs and 
nuts. The water-jacket 8 Fa of corrugated 
copper soldered to the cylinder. 

Fig. 2.--Methd of uttaching a Zig& 
Water- Jacket. 
(American.) 

A the cylinder’ B C stud8 securing 
cylinher head and irame ; D iron or steel 
rlng forced over the cylinder head and 
grooved to receive the jacket ; E steelmetal 
jacket ; F F, copper wire caulked into groove 
black surfaces represent solder if added. 

“Cenhure ” motor, Fig. 1, in the 40-H.P. racer of Messrs. Charron, 
Girardot et Voigt, and in the Canstatt Daimler racing cars, steel is 
the material used ; and, under the severe conditions of racing, no 

3 A  
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running difficulties have been recorded. There is really no 
reason why steel should not successfully a d  advantageously replace 
cast-iron. I n  a communication recently addressed to the author, 
Professor Turner wrote : ‘ 6  My impression is that solid drawn steel 
tubes would be best. They would be stronger, weight for weight, 
and more trustworthy.” This has always been the author’s opinion. 

In any case, he is certain that the method of casting cylinder and 
jacket together is wrong ; and that if the cylinder is of cast-iron, it 
should be cast alone, and a light jacket added, as shown in Fig. 2 
(page 677). I t  is difficult to feel the pulse of a trade, except through 
its leading organ. But, judged by that standard, the view held by the 
author is gaining ground. I n  an editorial on ‘‘ Detail Improvements,” 
14 June 1902, “The Autocar” stated : “ I t  will be remembered that, 
when the aluminium jacket was first fitted to the cylinder liner, 
critics prophesied disaster for the Napier, as they said it was wrong to 
combine two metals in this way. At the same time, we feel safe in 
prophesying that the cylinder of the future will be built in this manner. 
That is to say, there will  be a central liner, possibly of weldless 
steel, while the water-jacket will be of the lightest construction.” 

In  using steel cylinders, cast-iron piston-rings might be retained. 
For these, a strong, fine-grained, elastic iron, with approximately the 
following constitution would be the best :- 

Combined carbon . . . . .  0.50 
Silicon . . . . . . .  2.00 
Sulphur . . . . . . .  0.10 
Manganese . . . . . . .  0.50 
Phosphorus . . . . . .  0.80 

Greater elasticity and resistance to external pressure is obtained by 
casting from pots in a chill mould. 

Engine Details.-The Valves.-These are the lungs of the 
machine and vital to  its action. The present usual practice is an 
automatic spring induction-valve, opened by the suction of cylinder ; 
and a mechanically lifted, but spring-closed, exhaust valve, commonly 
cam-driven by a half-speed shaft. The combination is exceedingly 
crude, and a few manufacturers are now waking up to the advantages 
of mechanical operation for both valves. At the last Chicago 
Automobile Show, four motors, all of different makers, had 
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mechanically operated valves. The leading Gcrman firm, the 
Cannstatt Daimler Motor Co., have adopted this practice in their 
new Mercedes Simplex. In France, for instance, Peugeot in their 
new 8-H.P. car, and in England G. F. Milnes and Co., have followed 
suit ; and there can be little doubt that other makers will be forced 
into line." There is, of course, nothing new in mechanically 
operated valves for explosion engiues. Quite a number of patents 
for valve actuation by magnetic attraction, compressed air, exhaust 
pressure, &c., &c., have been registered in past years, but so far 
few automotor makers have kecognised the advantages of the system. 

There are several reasons why with high-speed motors mechanical 
operation of the valves should be adopted. Owing partly to 
clearance and partly to back-pressure from the silencer, the cylinder 
at the end of the exhaust stioke is filled with burnt gases 
above atmospheric pressure.. When the piston, therefore, begins the 
induction stroke these have to expand before air can be drawn in by 
suction, hence one of the disadvantages of the automatic inlet-valve 
is that it is sluggish in opening. This is just the reverse of what 
should be. For in high-speed motors the valve should not only 
open promptly at the very beginning of the stroke, but might 
preferably be given a '' lead," thereby promoting scavenging of the 
combustion chamber. Again, the automatic valve closes at  the end 
of the suction stroke, whereas it might be better to keep the inlet 
valve open a trifle after the piston had begun the compression stroke, 
that is, before the slight vacuum in the cylinder has been converted 
by the piston into compression above atmosphere. By so doing, the 
momentum of the air in the inlet pipe tends to add to the volume of 
the charge.t It may be noticed that where governing by volume 
throttling is Used, the spring of the exhaust valve weakens; the 
increased suction of the piston on the intake stroke may cause 
exhaust gases to be drawn back through the valve into the cylinder, 
with the risk of a miss or a slow firing through the presence of 
exhaust gas round the sparking plug, or of premature ignition, 
if the gas is hot. The advantages of mechanical valves, therefore, 

* Several new motors are now appearing, with mechanically operated v.tivcs. 
t For automatic induction valves, very weak springs appear the best. 

3 A 2  
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are sure and proper action,“ which the trade is now beginning to 
appreciate. 

As regards the material for valves, their seating and fitting, 
there is again difference of opinion. There can be no question that 
the spindle and head are best made of different material. For the 
bead tho author favours nickel-steel ; cast-iron wears well, but for 
small valves i t  seems hardly strong enough, A weak point in 
one-piece valves is the neck, and in this respect the exhaust valve 
and stem designed by Mr. W. Norris in 1892 is praiseworthy. 
Moreover it facilitates repairs, and the method of lift throws very 
little cross strain and irregular wear on the spindle. Where trouble 
has arisen, and there has been plenty of it, with burning,irregultw wear, 
and breakage of valves, it has usually been ascribed to weakness in 
the neck, unsuitable material, faulty methods of lift, throttling of 
the exhaust by insufficient area of the valve, exhaust pipe, or 
silencer. Any deficiency here may lead to broken valves. With a 
choked exhaust, the pressure left in the cylinder combined with the 
spring may produce hammering of the valve on its seat. In time 
this leads to brittleness and fracture. There is, however, another 
cause of a very different nature, which the author suggests as a 
probable source of much of the irregular Tear and ultimate fracture 
of valves. Those conversant with the construction of horizontal 
plunger pumps will recognise a defect frequently found in otherwise 

* In ‘‘ The Engineer,” 20 July 1900, Mr. J. D. Roots thus discusses the lead 
that,to facilitate exhaust,should be given to  the outlet valve: “The hue  of opening 
the valve should vary in accordance with the piston speed, and should open 
somewhat earlier, in the working stroke, the higher the speed, eveu though 
allowance be made, as it should be, in increased diameter of the vdve for high 
speed . . . . (At) 750 revolutions per minute, the exhaust valve should brgin to open 
when the piston has traversed four-fifths of the working stroke. Thus in an engine 
having a stroke of 5 inches,the exhaust valve bhould open at the cltmmenmment 
of the fifth inch of the stroke, remain open during the whole of tho exhaust stroke, 
and close just after the dead point.. . . The exhaust valve in larger atid heavier 
fixed engines of 200 revolutions per minute or less should open from + to & of the 
stroke, before the end of the working stroke.” Timely opening of the exhaust 
reduces not only buck-pressuro, but also that on the rod and crank-pin, at a point 
where such pressure haa least driving and most frictional and wearing effect. 
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well-designed machines. This is the placing of the valve seat on a 
level with the waterway. The effect of such an arrangement is that 
not only is the discharge greater on one side than on the other, but 
the water, diverted into a new direction, while in the act of passing 
the valve, exerts a tilting force on it, pressing the valve towards the 
waterway. The results are irregular wear, sticking, and hammering 
of the valve on its seat. 

Now the usual disposition in the vertical motor is simdar--a 
horizontal port with a vertical exhaust-valve, the latter seated on a 
level with the former. An analogous state of aEairs is thus 
established, a flow of gas, in lieu of water, being diverted into a, new 
direction while passing the valve. There is, therefore, the same 
unequal discharge, with the similar tilting action and tendency to 
fnrce the valve from its true position. See Fig. 3. 

Showing the exhaust valve, 80 placed that the gases are diverted into a new 
direction while passing the valve ; also that the disaharge is greater on one than 
on the other side. 
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But there is this difference: in the pump the stroke is 
comparatively slow, the flow tardy, the pressure low, the valve, 
spindle, seat, and guides cold, and in the best condition t o  resist 
wear ; whereas in the motor the valve beat is extremely rapid, the 
gas-flow swift, the pressure high, and all surfaces so highly heated as 
to be in the worst condition to withstand attrition and deformation. 
Thus the evils of bad design in the pump are much aggravated in 
the case of the motor, the tilting action being greater and the 
irregular burning and side wear more rapid. 

The remedy in both cases is the same. The valvc seats should 
be kept respectively below the waterway or the gas passage so as to  
permit the flow of water in the one case to rise upward until clear 
of the valve before taking a new direction, or the rush of gas in the 
othcr case to acquire a straight downward course before reaching the 
valve, Fig. 4. All tilting action is thus eliminated. Naturally the 
usual precaution of fully equal area in the annular space round the 
valve to that of the valve outlet must be preserved. 

Far the better practice would be to avoid port passages and 
place the inlet and the outlet valves on the head of the combustion 
chamber.* With the heavier oils this position has the additional 
advantage of direct charge admission, without a possible condensation 
by contact with the port and cylinder walls, Naturally it slightly 
increases the height of the motor. Examples of valves so placed 
are the Buchet motors, the 3-cylinder 20-H.P. Maudslay motor, 
and the Belsize cars of Messrs. Marshall and C0.t 

* To diminished heat loss, at  the time of maximum temperature, by reduction 
of port surface, Mr. D. Clerk ascribes much of the high efficiency of the Barker 
Ot,b Cycle Gas-Engine. (“ Recent Developments of Gas-Engines,” 1895-6.) 

t Combined with this position, as somewhat a novelty, though the idea has 
recurred in several previous patents, is the D’Equevilly valve, Fig. 5. It is set 
on the top of the compresaion space, and one port serves for exhaust and inlet. 
The exhaust valve is sufficiently large to form a seating for the inlet valve, 
which opens into the induction passage, the cold charge entering keeps the 
exhaust valve cool. Combination valves are a simplification, in oue sense, but 
in other respects more difficult to manipulate. 
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Method of 
FIG. 4. 

Countelain7ring Valves g h e  direct flow. 

FIG. 5. 
Combined Inlet and Exhaust 

Valve. 
&a (D’Eqwvilly). 
*I ’ 

I t  Piston, I I  

The exhaust valve E is recessed to receive the inlet valve D. F the cap of 
the exhaust valve spindle, is actuated by a two-to-one shaft and rod, not shown. 
I is the exhaust valve spring ; H a weaker spring for the inlet. The shock of 
the exhaust spring valve closing bounces the inlet valve at the same moment. 
The inlet valve atem is fluted, as shown in section across A B, forming channels 
for the charge to the head of the valve. 
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VuEwe ATea.-Tn this year’s motors, there is among the best 
makers a marked and very praiseworthy tendency towards increased 
valve area. Where the sluggish-acting automatic inlet-valve is 
retained, the difficulty with high piston-speed of ensuring a full 
charge is increased ; and, in such cases, if 80 feet per second for 
induction and 100 feet per sezond for exhaust are to be at all 
approximated, it is evident that the valve areas can scarcely be too 
ample. There is little doubt that the sharp blast considered 
necessary in the aspiration method of carburation to aecure proper 
suction and mixing of the petrol has hitherto militated against the 
use of large-sized inlet pipe and valves. The necessity for this 
sharp blast is purely imaginary, as there are many very obvious 
ways in which the difficulties, real or apparent, are easily overcome. 

Fro. B.-Annular Inlet Valve (Napier). 

A, cylindrical valve seat ; B, E two annular flat face rings ; D connecting 
radial webs. Tho ring E is formed in a sleeve C, forming bearing for valve 
spindle F. When the valve opens, the gas passes through the annular space 
between the seatings B E, and also through the space P, between the head I 
and the ring G, GE. 
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The tendency to enlarge valve areas became noticeable about the 
time of the late Paris Exhibition, and as further instance of its 
development may be mentioned the Napier so-called pyramidal or 
snnuhr valve, Fig. 6. This valve claims, with the same lift, to give 
50 per cent. larger passage than the ordinary mushroom type of the 
same diameter. The now “Centaure” motor of Messrs. Panhard and 
Levassor adopts a very similar triple-induction valve. So far as the 
author is aware, no clear rules for determining the valve areas of 
explosion engines have been published. There is no difficulty in 
calculating the induction-valve area, but the problem of the exhaust 
valve is less simple. In  any case the common practice of making 
inlet and outlet valve of equal area cannot be right. In  “The 
Engineer ” of 20 July 1900, Mr. J. J. Roots gave certain formula 
for calculating valve areas.* 

* Let A = area of cylinder in inches. 
S = stroke in inches. 
R = revolutions per minute. 
e = area of exhaust valve in inches. 
a = area of inlet valve in inches, when automatically opened. 
m = ,, ,, ,, ,, ,, ,, ,, mechanicalIy ,. 

A x S x R  
21360 Then e = 

n = e x  1.18. 
m = e x 0.75. 

1 = the lift of exhaust valve. 
d, = the outside diameter of the inlet valve, mechsnically opened. 
I, = the lift of the inlet valve mechanically opened. 

d 
Then 1 = y  4 1  

Let d = the outside diameter of exhaust valve. 

The formulae are applicable to engines up to 12 inches diameter and 
20 inches stroke. The area of the valve for each formula is the area taken 
from the maximum diameter, or on the outside of the seating, the width of the 
seating being taken a8 one-ninth of the outside diameter in the larger engines, 
and relatively greater in the smaller and higher-speed motors. The ports to 
have not less than 25 per cent. greater area than the outside diameter of the 
valve seat. 
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These are the only formula the author remembers having seen, 
but they appear to be incomplete because they do not state what are 
the resulting velocities of the gas flow, and defective because they 
apparently assume discharge at cqual pressure in all cases. 

Accessibility of VaZves.-In all the better classes of motors, this 
I n  the Daimler, the removal of one nut 

Similar 
is now well provided for. 
enables the bridge to be removed and the valves inspected. 
devices are now found on most cars. 

Carburettors and Carb2cretting.-These are roughly divisible into 
two systems-aspiration carburettors, and positive-feed carburettors. 
Of the two, the latter, in the author’s opinion, is unquestionably the 
better system. Most aspiration carburettors draw the petrol from a 
jet, communicathg with a constant level chamber or reservoir. The 
result is inaccurate and faulty petrol supply, since the force of the 
suction varies with the speed of the engine. Rich charges are thus 
obtained when the engine is racing, and poor charges when i t  is 
slowed down from over-load, the reverse of what ought to be. 
Makers are now recognising this defect, and are introducing devices 
more or less closely approaching positive measurement. There is no 
need to describe these latter, because the type is well known in heavy 
oil-engine work, for instance the Crossley, the Weyman and Hitchcock, 
the Wells Bros., the Roots, and numbers of other patented devices. 
As instances of the introduction of positive fuel measurement in 
petrol motors may be cited the Koch pump, the Gobron-BrilliB 
bucket measurer, the adjustable stop-jet in the nilercedes Simplex of 
the Cannstatt Daimler Company, a similar device in the De Dion 
voiturette carburettor, etc. In America quite a number of petrol 
motors use positive measurers, usually of the pump type; for instance 
the Webster, White and Middleton, New Era, Pierce, Springfield, etc.* 

* At the laak Paris Alcohol Motor Exhibition,Messrs. Ringelmann and Sorel, 
tracing defective diagrams to exceea of air or of fuel, mention pumps with 
variable stroke, i.e., positive meaaurers, a8 offering the best facility for perfect 
regulation, 
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There is a good deal of evidence to show that the problem of 
carburation is a6 present eliciting the attention of inventors-a sign 
that something yet better is wanted. To take one among many, 
Messrs. E. F. Bradly and W. R. Pidgeon have recently * published 
a new design of carburettor, Fig. 7. They found by experiment, as 
might have been surmised a priori, that, to get the maximum power 

A, recoil spring to induction valve ; B induction valve steam head; 
0 induotion valve stem; D adjustable guide to valve stem; E lock-nut! to D ; 
F ordinary or main induction spring. 

at any number of revolutions per minute, the jet of the carburettor 
must be larger for low speeds than for high ones, and, as it is difficult 
to adjust so small a thing as the hole in the jet, they insert a small 
&spring valve in the air-pipe between the carburettor and the 
induction valve. This auxiliary valve opens wider and wider as the 
engine speed increases, dosing again as it  decreases, thus decreasing 
or increasing the suction on the jet. At starting, as the jet is a 

Snifthg valve shown to left. 

* Motor Car Journal, 17 May 1902, page 236. 
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large one, the petrol supply is also large and the engine starts 
readily, then as it speeds up the air-valve comes into action, and 
automatically letting in more sir reduces the mixture to and 
maintains it at the proper proportions. The idea of an auxiliary 
air-supply for this purpose is not new, and is found in the 8-H.P. 
De Dion light car, the Darracq light car, the American Holyoke 
tonneau, etc. In  the motors of the SociBt6 des Automobiles 
Crouan, of Paris, the quantity and quality of the gas mixture is so 
rtutomatically varied according to the speed of the engine that the 
force of the explosion increases aB the speed diminishes ; in other 
words, the greater force of the piston stroke tends to compensate for 
the loss in centrifugal power of the fly-wheel. 

A number of recent devices on similar lines show that the 
tendency of the present motor is, and rightly so, towards discarding 
the crude action of the suction jet, pure and simple, in favour of 
positive measurers, preferably under control of the engine governor. * 

* The value of positive measurement i s  shown in an article, communicated to 
‘‘ The Horseless Age,” 28 May 1902, by C. E. Lucke, of tlic Columbia Laboratory, 
W.S.A. The curve of pressures for the possible explosive mixtures, vaporized 
kerosene and air, obtained in the engine, is given in the diagram below. This shows 

: : I  I:+ X:3 I : 4  1 : s  r:6 I;$: 

Volume Gas : Volunie .\ir 

that for the mixtures 3.5 to 1 up to 6 : 1, there is but little change in pressure, 
so that, judging from external indications, such &8 speed of an ungoverned engine 
or the brake load, the operator could not tell what mixture he was employing 
within these limits. I t  is plain, however, that in one case he would be using 
about twice as much fuel as in the other, though the effects on the engine would 
not appreciably differ. In other words, while many mixtures of kerosene, petrol, 
etc., will explode and the resultant pressure may not vary much, there is only 
one proportion that will do the most work with the least fuel. 
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In connection with carburation, the author raises the point 
whether i t  be better to carburate the incoming air, or to 
introduce the air first and then carburate it, that is, add the fuel, 
at the end of the compression-stroke. This latter method avoids 
all possibility of premature explosion, and thus enables higher 
compression to be used.* On the other hand, it is urged that the 
charge will be imperfectly mixed, and give imperfect and irregular 
combustion. The author is doubtful whether for petrol and gasoline 
there is anything in this objection, or whether, if there is anything, 
it is not more than discounted by the advantage to be gained. I t  is 
certain that a number of petrol motors run, and run successfully, by 
merely injecting the petrol into the cylinder and letting the ctir and 
heat do the rest. An instance is the American Weber gasoline 
motor. The petrol is drawn from a tank and supplied direct to the 
cylinder in a fluid state. No vaporiser is used, nor does the petrol 
como into contact with air until it reaches the combustion chamber. 
I n  the Otto gasoline motor, built by the American company of that 
name, no carburettor is used. The oil is pumped from an air-tight 
tank to a valve acted on by the governor. This admits a given 
quantity to the cylinder, when it is immediately pulverised by the 
incoming air and rendered explosive. No air reaches the petrol on 
its passage from the tank to the cylinder. In the German Liitzky 
petrol motor of the Maschinen Gesellschaft, Nuremburg, the benzine 
is conveyed to the cylinder in a liquid state and vaporised per stroke 
as needed. I n  fact, in very many German petrol motors care is 
bken to exclude the air, until the oil reaches the cylinder. This is 
the case even where a separate vaporiser is used. Thus in the oil 
motor of Dopp Brothers, Berlin, each charge of oil is separately 
converted into vapour without any air, and highly superheated before 
i t  is admitted, in  finely divided currents, to the combustion space, 
where it is mixed with air. Herr Dopp claims that this method 

* With equal cylinder dimensions, it also eupplies a denser charge. One 
drachm of petrol represents 1300 cubic inches of vapour. Consequently, by 
admitting petrol with air, the weight of the latter is proportionately reduced ; 
while by drawing in air only, compressing, and then adding petrol, the charge 
weight and maximum pressure are correspondingly increased. 
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ensures regularity and completeness of combustion, low oil 
consumption, and quiet regular working ,without vibmtion. I n  the 
Russian Eablitz motor-car also, naphtha is injected into a red-hot 
vaporiser open to the cylinder, and immediately vaporised by the 
compressed air. Injection of the fuel at the end of compression is 
adopted in the Diesel motor, but in rather a different way and with a 
different object. On the whole, the author thinks that, for petrol at 
least, a good deal more stress is laid on pre-mixing than need be, and 
that carburation at the end of the stroke, inasmuch as i t  admits tho 
use of higher compressions and has another important advantage, is 
probably as good if not better and more economical than the more 
ordinary method. 

The last point to be considered under the heading of carburetting 
is the use of heavy oils with higher flash-point, the usual household 
lighting oils. I t  would be, if not in the near future a requirement 
on the score of price, at least a convenience in this country if motors 
were adapted to use such oils as well as petrol; for the Indian trade 
it is a sine pL(i Ron,  since petrol cannot yet be obtained. This point 
has not been lost sight of: and quite a number of combination 
carburettors for the double purpose have lately appeared ; but 
experience as to their efficiency is still wanting. With Russian oils 
there ought to be no difficulty, since these are sufficiently pure to 
require no more preparation than atomising and vaporization effected 
by an easy application of heat. Indeed it  appears doubtful whether 
even vaporization is needed or mere spraying would not suffice. On 
this question the Specification No. 7538, 1895, of Mr. James Roots 
furnishes some information. I t  states : cc I have found by experiment 
when oil is sprayed into a working cylinder that the essential thing 
is ignition, as the oil has not time to be and is not vaporised, but is 
fired as oil spray, and that once the ignition is commenced the flame 
passes almost as rapidly through the particles of oil, as oil spray, as 
through a completely vaporised and mixed charge of oil . . . ” 

It does not appear that Mr. Roots has since found reason to alter 
this statement. For Russian refined oils, therefore, a combination 
curburettor presents no great difficulties. With American oils it 
might not be so easy to get satisfactory results without special 

It probably requires high compression. 
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vaporisers. These oils are ‘‘ cut ” differently, and contain waxy and 
resinous compounds that in  long and continuous running would fsrm 
deposits on the walls and valves. The conditions for successful use 
would appear to be : uniform delivery of minutely atomized oil in 
correct proportion, high cylinder temperature, no condensation by 
contact with cool surfaces, sufficient time for combustion. For alcohol, 
similar conditions, with higher compression, appear best suited.“ 

PueZ.-The consideration of the fuel used is a very important 
portion of the subject. 

A very great deal has yet to be learned. I t  seems to the author 
astonishing that petrol should have been so long in use and yet so 
little known about it. He believes he is correct in stating that in 
this country at least neither the maximum explosion-pressures of 
various petrol mixtures, nor the times of attaining maximum pressure, 
nor the rates of cooling are yet ascertained. Under these 
circumstances makers, as far as carburation is concerned, must be 
working more or less in the dark. 

A few years ago Dr. Boverton Redwood contributed some 
valuable information on the subject. The results of his experiments 
tabulated in c‘ Transport of Petroleum ” are as follows :- 

‘c With seven volumes of the liquid (pentane and gasoline) to 
100,000 volumes of air the combustion is n silent one, while with 
four times that proportion of liquid the mixture also burns without 
explosive violence. With between eight and nine volumes of liquid 
to 100,000 of air, there is a marked increase in  the energy of the 
combustion, and, when the quantity of liquid is augmented to 10.8 
volumes, a sharp explosion occurs. When the proportion of liquid 
is increased beyond about seventeen volumes, there is a perceptible 
decrease in the violence of the explosion, with corresponding gain in 
the volume and duration of the flame, and with twenty-one volumes 
of liquid to 100,000 of air the explosion is as mild as with 8.4 
volumes.” 

_ _ _  
* In the Wertburg lorry of the Fahrzeugfabrik, Eisenach, the motor is so 

construeted that the compression ratio can be changed from 1 to 4.4 for petrol, 
to 1 to 5.4 for alcohol.! 
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These results, adequate for Dr. Redwood’s purpose, are not 
sufficiently comprehensive for the requirements of the motor 
manufacturer. For his purpose, estimation of the value of any 
explosive mixture involves knowledge not only of the maximum 
explosion-pressure as one factor, but also of the rates of cooling as 
another factor. It is only from the faculty of producing pressure 
and the capacity of resisting cooling, that one arrives at  the mean 
pressure which determines the true efficiency of the mixture. The 
determination of these factors is still wanting. I t  is, however, likely 
that the deficiency will soon be supplied, for the author is in B 

position to state that the necessary experiments are in progress. The 
results will  be awaited with considerable interest, and there is little 
doubt that they will establish the value of petrol measuring devices 
for carburettors when efficiency and economy are rigorously 
followed. 

But there is another phase of this problem requiring even closer 
research. Besides the determination of the fact that different petrol 
mixtures have certain rates of cooling, there is the ascertaining cf 
the intrinsic reason, and why and wherefore of the facts, the relation 
of effect to cause, that is, the true knowledge or science of the 
problem. Attention is directed to this incomplete knowledge of the 
process of cooling, because i t  will be referred to again in connection 
with an interesting problem. 

Under the bead of fuel it may be noticed that the motor cars of 
today, more especially those of French makers, show a tendency to 
acquire greater range, that is, to be equally suited for the consumption 
of either petrol or alcohol. IS this a precursor of the supersession 
of the refined product of nature by the purely artificial production ? 
That is a question for the chemists to decide.* There is, however, 
an interesting phenomenon which the trial of alcohol has made 
sufficiently prominent to merit attention. The point is clearly 
put in an article in “ Engineering,” 10 January 1902, on (L French 
Spirit Motors”: “ I n  theory, the consumption of spirits for an 

* The progress mtide, in Germany, in the alcoliol industry appears from 
official statistics, showing that, in 1901, 30,624,000 gallons of denaturised alcohol 
were used for technical purposes-motors, stoves, lamps, etc. 
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equal power is 1.8 times the consumption of petrol; in practice, 
however, the presence of water in the spirits increases the elasticity 
and efficiency of the power, and the proportion is only as 1.25 to 1. 
. . .Spirit motors have more elasticity than petroleum motors and 
work more softly; the pressure of the explosion can be increased 
without disadvantage to the machine, the expansion-curve being very 
regular. . . . I t  has been asserted, from results of tests carried out in 
Germany, that the efficiency of spirit motors is 23 per cent., against 
15 per cent. for petroleum, and 13 per cent. for steam-engines.” 

Why should the presence of water in the alcohol motor give this 
increased efficiency ? Before attempting a reply, i t  may be stated 
that the same phenomenon has been observed in the petrol motor ; 
for, if the published reports (Zeitschrift des Vereins deutscher 
Ingenieure, Bd. xxxxiv, 1900) are to be credited, the addition of 
water to the charge in the Banki engine reduced the consumption to 
0.45 pints per B.H.P.,per hour.” There again, in general terms, 
the advantages claimed were greater economy, greater elasticity, and 
smoother running. 

In  July of this year, Mr. C.  Rainey, at the author’s request, 
made some experiments with water injection in a petrol motor. 
Owing to want of appliances, no very close work could be done, but 
the general results reported by Mr. Rainey are these :- 

1. That while maintaining the petrol supply constant, the 
addition of water gave increase of power and cooler running. 

2. That this effect was maintained until the water reached 
a quantity equal to the amount of petrol. 

3. That a larger quantity of water interfered with the sparking, 
and caused frequent failures of ignition, which after a short time failed 
altogether. 

* The consumption appears to  be even lower, for on 16 July 1902, Professor 
Banki wrote to the author: “Der Brennstoff-verbrauch ist bei den neuerer 
Ausfiihrungen noch etwas giinstiger als bei den Versuchen von Prof. Meyer und 
ron den Herren 0. Taborsky und E. J6nBs gefunden wurde. So hat ein 16-H.P. 
Motor nur 0*205-0*210 kgr. Verbrauch. Ausser mit Benzin (bis 0.75 
specifijches Gewicht) werden meine Motore auch fur Spiritus und Gasbetricb 
bei gleichem wirtachafrlicken Effect ausgefiilirt. . . .’, 

3 B  
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As far as the author is aware, no very complete explanation of 
these better results has so far been published. The advantages of 
water have becn described as a contribution of mechanical energy in 
the form of steam,” as a cooling agent obtaining increased charge 
volume and higher compression,t as an absorber of the violence of 
explosion, etc. To these explanations the author will add another. 
During the recent testing with tube ignition of a petrol motor, in 
which the cylinder wall developed porosity, admitting moisture to 
the combustion chamber, a sudden advance in ignition was observed, 
together with an increase of exhaust temperature, leading to burning 
of the valves. The author considered the following to be the 
possible reason: Assuming the cylinder charge to be pentane, 
C5HI2, the addition of water or aqueous vapour in contact with the 
incandescent tube might lead to partial decomposition, carbon 
combining to carbon monoxide, hydrogen being liberated.: In other 
words, water-gas would be formed. The advance in ignition would 
be due to the greater inflammability of the gas, and may be illustrated 
thus : The molecular weight of pentane being 72, 256 of oxygen 
would be required for its perfect combustion. On the other hand, 
the molecular weight of the water-gas, CO + H,, being 32, the 
oxygen needed for complete combustion would be 48. One part by 
weight of pentane, therefore, would require 3.5 0, and one part of 
water-gas 1 * 5 0. This at once shows why the ignition is advanced, 
the greater inflammability of the water-gas being due to the lesser 
amount of oxygen wanted for combustion. The increased temperature 
of exhaust might be accounted for by assuming that the nascent 

* Patent Xo. 2070395 F. Lister, No. 23270” E. PetrBano. (The specification 
is interesting because it gives a diagram showing increased power.) 

f Patents No. 15109e G. Schimmung. “ I n  all gas-engines,” says the 
specification, * <  the fall of temperature actually utilized is from 2000’ C. to 8000 
or GOOo C., whereas by the expansion of the gases and combustion products 
generated through the water injection the fall of temperature available for 
useful work is from 2000’ C. to about 40’ C.-No. 1230695 R. Diesel.-Reduction 
of the volume of the compressed air, and therefore heavier charge, by injection 
of water spray.-No. 514797 S. Rolfe, etc. 

Partial dissociation of aqueous vapour, by sudden vaporization, in the 
cylinder, is referred to  in Patent No. 232709s E. Petriano. 
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water-gas, burnt with a fierce heat and acting as an extended flame 
carrier, produced more rapid and complete combustion of the charge. 
Unfortunately the testing department in question is entirely destitute 
of any laboratory or appliances for following up questions of research, 
and the author was unable to mnalyse the exhaust gases, and thus 
determine whether the hypothesis of more complete combustion waB 
correct. The above is not an isolated case, nor is i t  confined to one 
size or type of motor nor to tube ignition only, the same facts being 
observed when electric ignition is in use. It has been suggested 
that earlier ignition is due to the explosion gas entering the water- 
jacket, and, by driving the water from the cylinder walls, increasing 
the heat of the combustion chamber. But there are a number of 
arguments against this suggestion, and the phenomena of earlier 
ignition and hotter exhaust when a little water is present, with 
increase of power and cooler running when a large and regular 
supply is added, need another explanation. 

Treated mathematically, as a purely thermal problem of profit 
and 10~8, i t  can, no doubt, be shown that, whatever be the physical 
condition of the water at the beginning of the compression stroke, 
and whatever be the laws of specific heat, the addition of water to 
the charge is an entry on the wrong side of the balance sheet of 
an explosion motor ; and that the advantage of water injection can 
lie only in the possibility it gives,-of employing much higher 
compression without risk of premature ignition,-of obtaining 
heavier charges,-and of reducing heat loss through the cylinder 
walls. But does this academical statement meet the whole case? 
Does it explain the phenomena above? Does i t  satisfactorily 
explain tho increase of power, without the increase of compression, 
to which Professor Meyer attributes the results of the Banki motor ? 
And does it explain the remarkably high and maintained mean 
pressure of that engine when water is used? 

Several arguments might be advanced for the entry of an 
additional factor into the problem, tho possible improvement of 
combustion by the presence of water vapour. The idea is not new. 
Proposals to improve combustion by decomposing the fuel with 
steam or aqueous vapour occur in many patents, for ex%mple No. 14242 

3 ~ 2  
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of '95 J. K. Ladd, and No. 10018 of '96 H. Lane.* Fritz Altmam's 
patent No. 29858 of '96 is for the production of a hot, blue, smokeless 
flame from hydrocarbons by evaporating together with the burning 
liquid a certain percentage of water. " Thus is produced a hot, 
blue, and absolutely smokeless flame . . . suitable for the ignition 
of the combustible charges in gas and like motor engines." * The 
more perfect combustion by simultaneously and together evaporating 
water and vaporizing oil is ascribed by Altmann to an oxidizing 
action of the water vapour. Under the influences of high 
temperature, the close contact of compression, with the physical 
and chemical disturbances of explosion, it does not seem impossible 
that water vapour may cease to be inert, and, under certain 
conditions, may promote the splitting of a hydrocarbon into light 
gases, olefines, hydrogen, burning at  lower temperatures (1124" F.), 
and into heavier residues, carbon monoxide, etc., requiring a higher 
temperature (1200"-1350' F.), for thoir combination with oxygen. It 
would be to the presence of these light gases that earlier ignition 
might be due, while the hotter exhaust might be attributable to 
the later, and probably better, combustion of the heavier products, 
by reason of the rapid and extended initial inflammation. 
Communicating with the author on this question, Mr. H. J. Bult, 
F.C.S., wrote : " The decomposition of petrol in the presence of water 
might take the form you suggest, and could be explained by the 
equation : C,Hl2 (pentane) + H20 = C2H, (ethane) + CO + C,H, 
(ethylene) + 2 H,. But he expressed an opinion that the reaction 
might rather be more in accordance with C,Hl2 + H,O = C,H,, 

Another rewon for attributing the phenomena possibly to 
decomposition is, as Mr. Bult proceeded to add, that it is well! 
known, when petroleum compounds, especially those belonging to 
the paraffi series, are superheated, they partially decompose into 
olefines and gases, at the same time leaving a deposit of carbon. 
This is shown by the equation: C7H16 (heptane) = C,H,, (tetrane) 

+ CO + 2 H2." 

* See Appendix I (page 744). 
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FIG. 8. 

Diagram showing characteristic feature of all Coal-gas explosions. 

+ C2H4 (ethylene) + H, + C, or C,H,, = C,H, + C + 2H,. The 
author’s suggestion, therefore, is that the presence of water vapour, 
at a certain temperature, may disturb the chemical equilibrium 
of the oil at the critical point, hastening and promoting its 
decomposition. That a hydrocarbon, even without the presence of 
water, would in the combustion chambor decompose into light and 
’heavy constituents, seems very probable-the result being combustion 
and heat evolution more or less of an irregularly progressive nature. 
An interesting diagram, Fig. 8, illustrating such action in a coal-gas 
mixture, is given in Mr. Grover’s treatise on ‘‘ Modern Gas and Oil 
Engines.”* 

The diagram represents the explosion of 1 volume of coal-gas with 
12 volumes of air. Out of the 20,162 thermal units in 1 lb. of coal-gas, 

* “It is found, from anexaminationofthe diagrams takcn duringtheexplosions 
.of pure mixtures of air and coal-gas, that the first alteration in the slope of the 
rising pressure-cuwe occurs at 0.4 of the maximum height of the diagram. 
Whatever may be the real cause of this characteristic of all coal-gas explosion 
diagrams, it is interesting to note that tho heat generated by the combustion of 
the hydrogen and the olefines combined is found to be just 0.4 of the total heat 
of the whole of the constituents of the coal-gas experimented upon.”-Ibid, 3rd 
edition, page 228. 
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Mr. Grover calculates that 0.417 of the total is due to the hydrogen 
and olefines. Assuming, therefore, that decomposition of the 
mixture takes place, and that the resulting hydrogen and olefines 
are first ignited, leaving the mirsh-gas and carbon monoxide to 
inflame later, the pressure-curve ought to show its first alteration at  
0.417 of its maximum height. I t  will be seen that this is practically 
the case, thus proving decomposition and progressive burning in the 
case of the coal-gas mixture. 

With the object of studying the problem of combustion in oil 
engines, the author compiled Tables 1 and 2 (page 699). 

Diagrams for Nos. 1-12 are published in Mr. Dugald Clerk’s 
work, “The  Gas and Oil Engine,” the rest were supplied by the 
makers. The fuel in the case of the gas engines was coal-gas, that 
in the oil motors was Royal Daylight. 

Comparing the oil- with the gas - engines, using similar 
compressions, i t  will be noticed that the ratios of maximum 
pressure to compression in the oil motors are, if  anything, higher 
than those in the gas-engines ; while the ratios of mean pressure to 
maximum pressure are much lower. May it not be legitimate to 
attribute the high initial pressures of the oil motor to the rapid 
inflammation of volatile gases, and the low mean pressures to the 
slower and imperfect combustion of the residual products of the 
decomposition. With the data of their 7 B.H.P. oil engine, Messrs. 
Tangyes supplied the following diagram, Fig. 9 (page 700). 

This diagram shows very distinctly sudden and high explosion 
of volatile gases, succeeded by gradual combustion of dower burning 
products. There is, therefore, evidence for the decomposition of 
hydrocarbon charges by cylinder temperature, and further for the 
promotion and perhaps modification of that decomposition, by the 
presence of a small percentage of water vapour. The addition of a 
considerable proportion of water naturally and obviously conduces 
to cooler running, but i t  is not clear whether these larger proportions 
aid, impede, or prevent the decomposition of the hydrocarbon. 
They do, however, increase power.* The most recent converts to 

See Appendix I (page 744). 
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TABLE I.-Gas Engines. 
- _ _ _  

Ratio of 
Maximum Mean 

Prcssure.to 2s;lbusfe 
Clompression. ----- 

3.1 to 1 100 
4.0 to 1 57 
3.5 to 1 58.4 
4.1 to 1 81.5 
4.2 to 1 113.5 
4.0 to 1 
3.0 to 1 
3.9 to 1 67 
4.4 to 1 76 

No. I Description of Engine. 
Ratio of 
Mean to 

Maximum 
Pressure. 

-36 
'45 
*44 
.40 
*35 

.34 
*31 

-- 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

4 N.H.P. Crossley. 
6 9, 99  

9 ,* 9) 

12 
13 
14 
15 
16 
17 
18 

9 ¶ ¶  ,* 
30 5, ,, 
9 ,, Stockport. 
9 ,, , 
9 ,, Barker. 

12 ,¶ ,, 
12 $, 

35 ,, Tad&. 

7 N.H.P. Crossley. 80 240 3 .0  to 1 64 *26 

7 9, :: } 45 210 4.6 to 11 65 -31 

8 ,, 9, 50 240 4.8 to 1 54 -22 
4 9, 

10 I) 

10 ,, 7)  67 250 3 .7  to 1 62 .25 
7 ,, Tangyes. 40mean. 200 5.0 to 1 58 a29 

Compression 
in lbs. 

--- 
87.5 
31 
38 
48 
75 
60 
90 
50 
55 
51 
73 

Masimum 
Pressure 
in lbs. 

275 
126 
133 
200 
318 
244 
272 
195 
244 
250 
220 

-- 

TABLE 2.-OiZ Engines. 

Ratio of 
Mean 

Pressure tc 
Compressio 

1.1 to 1 
1.8 to 1 
1.5 to 1 
1.7 to 1 
1.5 to 1 

1.3 to 1 
1.4 to 1 
1.5 to 1 
1'.2 to 1 

-- 

0.8 to 1 
1.08 to 1 

1 - 4  to1 

0.92 to 1 
1.4 to 1 

Grouping and comparing Nos. 14, 15, 16, 18 with No. 4, the oil engines, with an average 4 lbs. lower compression, 
give 7 lbs. higher maximum pressure, but 18 lbs. lower mean pressure; or taking No. 17 with No. 11, the oil engine, 
with 6 lbs. lower compression, gives 30 lbs. higher maximum pressure, but 27 Ibs. lower mean pressure. 
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water injection appear to be Messrs. Priestman Brothers ; and the 
latest patents for the use of water in an explosion engine are 
No. 10449)” Weyland, and No. 704,9950” (U.S.A.) C .  W. Weiss. 

There are, however, strange things in nature, and i t  is quite 
possible that a very different explanation may be the right one. 

FIG. 9. 

a Diagram* 7 - B X P .  Pefroleum Engine (Tungye). Date, 5 July 1902. 

Cylinder, 74” x 14“. 
Revolutions, 220 per minute. 
Fuel, Royal Daylight Petroleum. 
Compression, 35-40 lbs., according t o  quality of petroleum. 
Maximum pressure, 200 lbs. 
Mean pressure, 58 lbs. 

b 

Scale Tki 

I t  is claimed that the addition of either hot or cold air to stearn 
serves to lower the point of condensation. In  Lindley’s patent, 
KO. 24,949 of 1894, this is fully described, and is utilized to cover the 
w e  of steam, working expansively,considerably beyond the point where 
steam alone, at the same temperature, would have beccme condensed. 
The explanation offered is in accordance with the rule that generally, 
if two fluids with different boiling points are mixed, the boiling point 
of the mixture is intermediate between that of the components. 

* Regarding this diagram, Messrs. Tangyes write : “The  diagram sent is 
similar to that obtained from any size of our engines, and the information 
given re pressures, etc., will apply to all sizes. The spring of the indicator i s  
not at  fault in regard to the initial pressure. A similar diagram would be 
oktainccl cvcn ni th  a much stronger spring.” (15 July 1902.) 
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Thus the boiling point of air being more than 200" F. below 
zero, a comparatively small proportion of air mixed with steam, 
reduces very materially the temperature at which condensation takes 
place. I t  is further stated that, by raising the air to an equality of 
pressure with the steam, the temperature of the air may be increased 
by the development of the latent heat therein, so as to exceed the 
temperature of the steam. Thus the temperature of the whole is 
raised and practically the steam is superheated. Now, is i t  possible 
that some analogous action takes place when mater vapour is mixed 
with the explosion gases? Is there a development of latent heat ? 
Is there a marked retardation in the rate of cooling, and therefore a 
higher exhaust temperature? Is there a retarding effect on 
dissociation and so the attainment of a higher initial temperature ; 
or is there an acceleration in recombination after dissociation, and so 
the maintenance of a higher mean temperature? Who knows? 
But as Mr. Clerk puts it, without exception the actual pressure of 
explosion falls far short of the calculated pressure ; in some manner 
the heat is suppressed or lost ; for some reason nearly one-half of the 
heat present, as inflammable gas, in any explosive mixture, true or 
dilute, is kept back and prevented from causing the increase of 
pressure to be expected from it. There is, therefore, a very wide 
margin for greater initial heat development, and it may be that the 
presence of water vapour, true or decomposed, has some developing 
action on this latent potentiality. The whole question is obscure, and 
automobilists must not conceive the idea that even if water is proved 
to be a useful addition to the charge, the problem is at once solved. 
Probably correct employment of water will demand certain 
conditions that hare yet to be studied and may require a change in 
the motor design. Anticipating the objection likely to be raised, 
that water will corrode the valves and cylinder, the author replies 
that this does not appear to be the case. With alcohol, containing 
water, it  has been found that where the curve of the motor was 
regular, indicating perfect combustion, the condensation liquid 
of the exhaust was neutral and there was no attack of the 
valves and cylinder walls. Three years of experience with the 
Banki oil  and benzine motors shorn no corrosion from the use of 
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water.* Nor is it likely that so experienced a firm as Messrs. 
Priestman Brothers would have adopted water-injection, if corrosion 
was to be feared. 

In  another direction also, and this time with more definite 
knowledge and purpose, improvements in fuel are under consideration. 
These lie in chemical additions of explosive nature as petrol enrichers. 
The idea is not new and frequently recurs in past patents. There is 
no theoretical difficulty in chemically increasing the explosive power 
cf petrol. But there me difficulties of a practical character which 
consists in finding an enricher that fulfils the two conditions-of not 
increasing the cost of the fuel per horse-power; and of not introducing 
any element of danger in its use. 

Picric acid has been experimented with, but it is manifestly 
dangerous to handle, and is said to leave a highly explosive deposit 
in the exhaust pipe and silencer. Bisulphide of carbon has been 
frequently suggested ; but it will certainly need to be deodorised. 
Curiously enough salt also has been recommended. The effect of 
this ingredient, if any, would be due to the formation of chloride of 
nitrogen and hydrochloric acid, quite prohibiting its use. There 
are, however, other possible means of enrichkg petrol; and the 
author, in conjunction with hlr. H. J. Bult is now considering one 
of a promising nature. 

Among the fads relating to fuel improvements may be mentioned 
various proposals for increasing oxygen in the air charge, In 
Patent No. 657396 H. J. Dowsing describes an ozonizing apparatus, 

* Extract of a letter, Budapest, 16 July 1902, from Professor Banki to 
the author: “Diese Motore merden von der Firma Gauz und Co., Budapest, 
seit beiliufig 3 Jahre fabricirt, und sind seit ditser Zeit eine griissere Anzahl 
verschiedener Griioser (von 5 H.P. bis 40 H.P.) i m  Betriebe. Es liegt also eine 
Praxis von 3 Jahre vor, welcher zrigt dass die Wassereinspritzung und die 
damit verbundene hohe Span fur die Dauerhaftigkeit der Motore uuschBdIich ist. 
Es laufen namlich Motore in ununterbrochenem Betriebe seit dieser Zeit ollne 
jeder Reparatur und ohne, dass Ventile und Cylinder merkbar gelitlen hatten. 
Nur bei einigen Anlagen habcn sich infolge schlecliten scriierehaltigen Wassers 
Defecte gezeigt, wo mir aber durch Ekimischung von Soda dem Ubelstande 
abgeholfen haben.” 
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while a paragraph lately published * states that Professor Carl Linde 
suggests the employment of liquid air instead of drawing in ordinary 
atmospheric air, considering this would POSSibly render cooling 
water superfluous and materially increasing the motor output, as the 
air would be got in a highly-condensed form, and owing to the 
cooling effect a much higher compression could be used, thus 
increasing efficiency as well as output. The suggcstion is ingenious, 
but scarcely practical. 

Ipition.--Next to the formation and constitution of the charge 
come the methods of its ignition. 

Lamp ignition, except as a standby, may be said to have 
disappeared. 

A little while ago some interest was excited by a new catalytic 
igniticjn. Such a method, however, has neither the flexibility, the 
inflammation capacity, the certainty, nor the suitability of properly 
designed electric firing. When it is recalled that incandescence is 
dependent on the concurrence of several factors into which the 
charge composition and governing of the motor enter, and that 
retardation and advancement, of ignition are not nearly so perfectly 
controlled, as with the electric current, enough has been said to 
indicate the weakness of this system. 

The only method, therefore, to be considered in  detail is the 
electric. This divides itself into dynamo, accumulators,t magneto- 
electric,$ or combinations. The dynamo is rarely used alone; more 
generally i t  serves to ignite the charge, while the surplus current 
goes to the accumulators, which are thus kept ready for emergency 
or for lighting purposes. This seems an excellent if not the best 
system. As regards accumulators, the author's experience is that 
they never run nearly the mileage claimed and are otherwise 

* " Automotor Journal," 24 May 1902, page 139. 
t In America, dry batterie9, on account of greater lightness per unit of 

Suoh batteries, 

The majority of continental large gas-engines use magneto low-tension 

electrical capacity, oompactness and dryness, are preferred. 
however, are more liable to electrical leakage and are not rechargeable. 

spark ignition. 
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troublesome. I n  this country, the best known magneto ignition is 
the Simms-Bosch. The Canstatt German Daimler co. are said 
to have found the Bergmann Rotary Magneto-Electric apparatus 
very satisfactory. This produces alternating currents of low tension, 
and thus easy insulation ; while the only moving part is the rotary 
armature. The magnets may be run at the same speed as the engine, 
and at verylow speeds produce sparks of sufficient intensity. A 
method of low tension ignition, devised by Professor Burstall and 
fully described in  the Proceedings of the Gas-Engine Research 
Committee," has an excellent record in stationary work. Professor 
Kennedy, Chairman of the Committee, and Professor Burstall kindly 
gave the author permission to test its valuo for petrol-car motors ; 
but the author could not persuade the manufacturers with whom he 
was in communication to take any interest in the matter, and cannot 
therefore state whether the apparatus would be equally successful 
for automobiles. In  any case, as the invention of a clever scientist, 
a trial should prove instructive. So far the best induction coils are 
made in France. 

I n  whatever form it is applied, electric ignition is a notable 
advance over previous methods. I t  provides absolute immunity 
against fire ; it furnishes a spark well suited to explosive mixtures, it 
increases efficiency by enabling the charge to be fired at  the moment 
of maximum compression, and i t  admits of the employment of higher 
compressions. 

Existing systems of electric ignition admit, among other directions, 
of improvement on two lines-automatic timing and automatic 
consumption of current. The timing of the spark should 
automatically adjust itself to the speed o f  the engine. To  illustrate 
this by an extreme case, assume a motor running at high speed and 
the spark set to pass at the moments of maximum compression ; if 
suddenly, by the application of the throttle or other cause, the speed 
is greatly reduced, premature ignition will result, with considerable 
shock to the engine, crank-pin and bearings. But between this 
danger point and the period of correct firing is a gamut of speed 
variations, in all of which to maintain correct periodicity the timing 

* Proceedings 1901, page 1032. 
.___ - 
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of the spark should be altered. To repeat this in other words-for 
the matter is more important than many makers seem to think- 
with early ignition there is injurious strain on the engine, probable 
heating of the crank-pin, and undue wear on the crank-shaft bearings, 
With late ignition there is considerable loss of power, high exhaust 
pressure with increased strain on the exhaust valve gear, incomplete 
combustion, suBciently prolonged, perhaps, to cause gradually 
burning of the valves, and possibly back-firing of the fresh charge. 
With regard to the period of normal ignition, the author’s own view 
is that i t  might be well so to dimension the compression chamber 
and stroke as to produce at the dead points slightly more 
comprassion than it is intended to use for explosion, thus allowing 
the crank to pass the dead point and gather way before igniting the 
mixture at  the working compression point. On the indicator 
diagram, the explosion line, instead of being vertical, would then 
slightly incline towards the expansion-curve. I n  any case efficient 
running greatly depends on accurate ignition, and should be treated 
accordingly. At present, timing is mostly left to hand regulation 
by the driver * ; but attention is now being given to automatic spark 
controllers, one of whichisillustrated,Fig. 10 (page 706). t. A somewhRt 
simpler device, designed by the author, will presently be noticed. 

A second line for improvement is automatic regulation of the 
amount of current used. Naturally this is of chief importance where 
accumulators only are used. At present the flow of current is 
usually made by a brush brought in touch with a contact‘ piece on 

* Of Messrs. (3. F. Milnes’ new 20-H.P. car, “The  Automotor Journal” 
(9 August 1902) writes :-“ The time of ignition is not variable by the driver, and 
the only way in which an earlier ignition of the charge accompanies an 
increase in engine speed is in so far as the increase iu the engine speed affects 
the quantity of current generated by the magueto, and, therefore, the intensity 
of the spark in the combustion chamber.” In  a lecture (23 April), before the 
Long Island Automobile Club, Mr. Hiram P. Maxim suggested the use of this 
principle for motors of moderate speed. In  the Apple magneto, the spark is 
timed by the compression. 

t Another arrangement is described in patent No. 17,221=, C. Gautior and 
Wehrle‘. 
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a rotary disc. If this contact piece is made of sufficient width 
to ensure the passage of enough current when the motor is running 
a t  high speed, it will pass more than sufficient current when 
the engine speed is reduced. To obtain automatic regulation 
of the current consumed, and of the time of sparking, the author 
has suggested using wedge-shaped contact pieces on the rotating 
disc, and allowing the disc under the direction of a governor an in- 
and-out movement on the shaft, Fig. 11. The action would be as 

FIG. 10. 
Automatic Spark Controllel.. 

r- s The fibre contact-breaker 
disc is mounted on a sleeve V, 
rotatable A. A s  the round speed the accelerates, motor shaft crD’ 
the centrifugal rnasse8 P F’, 
pivoted on studs D D’, are 
forced outwards, causing partial 
rotation of the toothed scctors 
S S’. The motion of the sectors ;-L l / / 5  
on the shaft A, advances the 
position of the disc, so that the brush M establishes earlier touch with the 
contact plate C. 

follows :-As the motor speed increased, the disc would slide, say 
backwards, bringing the wider portion of the contact pieces under the 
brush ; as the speed decreased the reverse would take place. This 
would give increased contact surface and earlier firing for high 
speeds with lessened surface and later ignition for slower speeds, 
that is, automatic regulation of current and sparking period. 

Systems of Governing.-Governing is SO intimately connected with 
valve action, charge formation, and ignition, that it may well be 
considered next. For the purposes of governing, the old ( 6  hit-and- 
miss,” or total cut-out arrangement, has practically disappeared. I n  
its place, four systems are in use. 
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By Tar the larger number of car motors use a charge volume throttle, 
Fig. 12 (page 708), usually a valve fixed on the induction pipe, but 
occasionally, as in the Boll6e and Duryea cars, in the form of an inlet 
valve with variable lift. The throttle, worked by hand, or by the 
governor, or by both, reduces the volume of the charge admitted and 

FIG. 11. 
Contact Breaker (author’s), for dtaining aufomatic replation of tinziiig 

and current consumption. 

RotoCating shaft L- 

thusslowsdown the motor. The author has no hesitation in condemning 
this system as theoretically bad. Incomplete filling of the cylinder 
reduces the compression, and thus renders the conditions for efficient 
and economical explosion less favourable. Again, the induction of 
the charge below atmospheric pressure entails negative work.” 
Thirdly, where jet carburation is used, the mixture is varied. 

The 
opening of the exhaust valve is retarded, a certain proportion of 
exhaust gas remains in the cylinder, the inlet valve opens later, and 
less fresh charge is admitted. In  this ewe, there is a certain amount 
of back pressure, and the mixture is diluted t with exhaust gases ; but 

The second system, less general, is the exhaust throttle. 

~ ~~ ~ ~ 

* Often 7 or 8 per cent. of the indicated horse-power. 
t Probably by stratification rather than mixing. “According to a well- 

known physical phenomenon, a fresh mixtiire of air and petroleum, or other 
gases, mixes with burnt gas only with difficulty.” Patent No. 905296, A. A. 
Loyal. ‘‘ It is probable that coal gas and air are more intimately mixed with 
one another than with the residual gases.” “Modern Gas and Oil Engines,” 
F.  G. Grover, 3rd edition, page 22%. 
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the cylinder being fully filled, the compression is preserved, and there 
is sufficient evidence to show that from this factor alone greater 
economy results. The marked economy of the Gillet-Forest motor 

FIG. 12. 

System of Volume Throttling (Mom). 

AA throttle valves on induction pipes; BB valve levers, C valve shaft, 
operating under the action of the governor D. Of the two springs E and F, 
the former is the stronger, and tends to open the valves. By the use of these 
springs, the valve action is more sensitive than when the governor alone is used. 

is attributed to this method 01 governing. An illustration of the 
application of the principle is the De Dion Patent, No. 22762 
of 1900, Fig. 13. Where this method of governing is adopted, 

 at University of Birmingham on June 8, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


Ocr. 1302. OIL MOTOR CARS O F  190’2. 7O!J 

correctness of mixture would appear very necessary. For, assuming 
Mr. Grover’s experiments with coal gas, as applicable to hpdro- 
carbons, the mean pressure is intluenced not by the products of 
combustion present, within the workable limits, but by the correct 
ratio of air to gao, which alone determines the possibility of an. 
explosion and the pressure generated.* 

FIQ. 13. 

Ezhnast Governor (De Dion and BoutMl? 

A, cam acting, through lever B.. 
on exhaust valve stern tappet J. 
B lever pivoted to crank C ,  and, 
movable from right to left, by rod D. 
Any movement of the lever to the 
left decreases the lift of the valve, 
as may be seen from the dotted or 
maximum position of the lever, at 
which position the exhaust valve. 
remains closed. 

A third system. in very general use, usually in combination with, 
one of the preceding methods, is by retarding the charge ignition. 
The effect of delayed ignition is to give the piston time to expand 
the charge, thus reducing the force of the explosion and the duration 
of its action on the piston. In othor words, the full power value of. 
the oil is not obtained. The method is, therefore, wasteful, and’ 
unless automatically coupled with the throttle valve, may, in the 
hands of a careless driver, lead to premature explosion. 

The author inclines to think that the second, or perhaps a 
fourth, method would be the best, namely governing by retaining 

* Modern Gas and Oil Engines,” F. G. Grover, 3rd edition, pages 225-226. 

3 s  
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the full charge of air, and reducing the amount of petrol,* The 
methods of carburation in the De Dion, Darsacq, and Holyoke cars, 
already mentioned, are on these lines. I t  might be thought that 
governing on this plan could not be extended over more than a fifty 
per cent. variation of speed, the “critical point” of the mixture 
being then reached. With the ordinary methods of carburation 
this would probably be the case. But by carburating at 0s near 
the end of the compression stroke, i t  is likely that a far wider range 
might be covered. The difficulty of ignition could be met by 
fietting the ignition-plug in the course of the incoming fuel, thus 
ensuring locally a mixture, sufficiently rich for inflammation. A 
provision of this kind is described, among others, in Patent No. 3971, 
1893, of Messrs. Hartley and Kerr. Supercompression, for the samc 
purpose, is described in Patent No. 13,325=, L. A. Letourbe, who 
condemns volume throttling on account of its thermal inefficiency. 

Charge Ezpan&on.-Having carried the subject as far as the 
ignition of the charge, there remain a few other points on which it 
may be wise to add a word or two before describing the application 
of the motor power to the car itself. 

The first of these points is expansion during the working stroke. 
As a direct object of design, no Otto cycle petrol-car motor on the 
market provides for increased expansion during the working stroke ; 
indirectly, as a result of governing by throttling, greater expansion, 
under the action of the throttling, is obtained. The disadvantages 
of this method have already been noticed; loss of fuel value by 
reduced compression,t negative work in suction below atmosphere 

* I n  the 1,200-H.P. 4-cylinder Otto gas-engine, a t  the Hoerde Ironworks. 
Westphalia, governing is on this plan. The air admitted is practically constent. 
but the moment of opening the gas-valve is varied. When this opens, the usual 
mixture flows in. The 500-H.P. two-cycle double-acting Korting engine also is 
governed on this method. The full amount of air is supplied, but the point of 
gas inflow is made later and later. In both cases, fresh mixture is retained near 
the inlet valve and there fired. 

t To maintain compression with reduced charge volume, many inventors 
have recourse to movable compression plates, e.g., Patents, NO. 56813A: 
P. Mitchelmore; No. 6972s,  W. Donaldson; No. 22690%, G. Cummings; 
No. 26,63886, R. 117. Allsop, &c. 
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pressure; and, if gain by increased expansion were in  view, 
reduced power by the diminished weight of charge. Though i t  is 
doubtful whether in Otto cycle car-motors any attempt at further 
utilization of the exhaust pressure would be successful, efforts 
in this direction are worth consideration. To overcome the 
disadvantages enumerated above, some inventors admitted a full 
charge to the cylinder, subsequently expelling a portion, thus giving 
greater expansion to the rest. I n  
their patent, No. 8469 of 1891, the Gas Motoren Fabrik Deutz draw 

Two variations may be noticed. 

FIG. 14. 
Tncreased Ezpansion Gear (author's). 

7 .,.,'. 1 

A 
I 

p p  +---I- 
I 

I /  
Section on line A B. 

in a full charge of air only during the suction stroke, a portion of 
this is expelled on the compression stroke, while at the same time 
gas or hydro-carbon vapour is added to the rest. The French 
inventors Forest and Gallice, patent No. 22,559 of the same year, 
varied this procedure. Taking advantage of the fact that in a 
four-cylinder motor, one piston is charging while another is 
cornpressing, they reduce the charge by transferring part of the 
contents of the compressing cylinder to the charging cylinder. 
Both these methods eliminate negative work in charging ; but, like 
volume throttling, they adversely affect efficiency and power. 

3 c 2  
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F I R .  15. 

The dark shaded wheel Li on thc crank. The light slidecl whcel is 011 the 
connecting-rod. The plain circles show position of the wheel on the connccting- 
rod at the end of the revolution. 

Note.-Maximum stroke of piston A B equals twice throw of cruuk plus pitch 
diameter of wheel. Minimum stroke of piston C: I) equals twice throw of crank 
minus pitoh diameter of theel .  
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Another method of procuriug increased expansion by diminished 
charge is illustrated in motors governing on the exhaust. To reduce 
the fresh charge, more or less of the exhaust is retained in the 
cylinder. It is intelligible that the practice should be economical ; 
for, though back-pressure is created and the charge diluted, suction 
below atmospheric pressure is avoided, and, which is the main point, 
cornpression is preserved. The Gas Motoren Fabrik Deutz, in their 
patent No. 2729 of 1892, ingeniously eliminate all back-pressure by 
giving a free-exhaust stroke, drawing back part of the exhaust during 
a portion of the suction stroke, then closing the exhaust valve and 
opening the charge inlet valve for the remainder of the stroke. 
Taken broadly, as a principle, increased expansion by charge 
reduction might, perhaps, be useful in designing motors liable to 
temporary demands for power in excess of their normal yield, as, for 
instance, in hill-climbing. In such case, the cylinder would be 80 
dimensioned that a full charge would provide very high compression 
and increased power for use on occasions when a temporary increase 
of vibration, &c., would be of no consequence. For normal running, 
the reduced charge and lower compression would be employed.* 
Against the advantage of this reserve power would be the slightly 
increased dimensions and weight of cylinders, &c. On the other 
hand, provision of reserve power is, with single-acting Otto engines, 
the only way to reduce change-speed gears to a minimum-a step 
much to be desired. 

Other inventors have worked in quite a different direction, seeking 
greater expansion by increase of the working stroke. By lengthening 
the sweep of the piston during the working stroke, additional 
expansion is obtained. Such mechanical contrivances as the 
Atkinson linkage, though undoubtedly economical, we too cumbermme 
for car work. A simple device for the purpose was recently designed 
by the author, the detail being worked out by Yr. A. Suggate. 

* This principle is adopted by the Franklin Manufacturing OO., Syracuse, 
Sew York. In normnl work, the motor is throttled down much below its 
maximum capuoity. The full power is used only for the aerereai hills, or the 
highest speeds. 
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The modifications of the stroke will be easily understood from the 
sketches given, Figs. 14 and 15 (pages 711 and 712). "he diagram 
shows teeth on a fixed pin in the cross-head to gear into a similar 
wheel fixed to the crank. The pin on the connecting-rod is 
lengthened beyond the teeth to form a bearing, working in a block 
or roller, the latter slidihg or rolling in  a groove on the crank. 
This bearing takes up much of the thrust, leaving to the teeth the 
work of keeping the pin in the proper position in the crank. The 
shaft must, of course, be provided with suitable bearing. From the 
diagram it will  be seen how the other strokes are vaned during the 
cycle. Naturally it is not suggested that such gear would stand the 
shock of large engines, but for small powers the mechanism might 
serve its purpose. The cycle itself favours economy, for a light 
charge is used with high compression and increased expansion. 

Other inventors again have aimed at increased expansion by 
additional cylinders. Excluding the system of compounding,* 
which is not likely to be introduced in light motor-cars, adRptations 
of the above principle have found, and others may find, a possible 
application to motor-car work. Engines of the Burt so-called 
compokml, but more strictly expansive Otto type, are too heavy and 
complicated for this class of work. A clever method initiated, 
perhaps, by the Atkinson engine and adopted in such motors as the 
Koch, Gobron-BrilliB, Hyler-White, PrBtot, &c., is the use of t w o  
pistons in one cylinder (in this sense two cylinders). The plan 
gives rapid and good expansion, but is attended with some obvious 
disadvantages, which, however, have not prevented it from finding 
favour with man3 automobilists. Another ingenious way of 
increasing expansion is illustrated in the '' Scott " vertical high- 
speed engine of Messrs. Reavell and 00. The bottom end of the 
cylinder is closed and is therefore equivalent to a second cylinder. 
There is lio compounding, but increased expansion is got by the 
alternate use of the top and bottom ends of the same cylinder. At 
the termination of the down or power stroke, steam is transferred to 
the underside of the piston, working expansively on the upstroke, 

* With separate high- and low-pressure cylinders. 
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during the latter half of which the residual steam in the top cylinder 
is compressed in the clearance space. Fresh steam is then admitted 
and the cycle repeated. The method gives increased expansion, 
very perfect cushioning, and freedom from drop on the release of the 
high pressure or top cylinder. Some such arrangement might be 
applicable to the Otto cycle." 

Cylinder Cooling.-This is the socond point on which something 
has to be said. For any but the smallest motors, air-cooling, except 
as a supplementary aid, is impracticable, or in any case vastly 
inferior to water-cooling. 

This latter system may be sub-divided into forced and natural. 
Of these, the former, by far the more genera1,t is affected by pump, 
usually of the centrifugal type ; the latter, by placing the water 
tank higher than the cylinders, circulation follows the difference 
of temperature. The security of this system is its only strong point. 
I n  other respects it is inferior to forced circulation. Not only to 
maintain a given cylinder-temperature, does the slower circulation 
require a larger body of water to be carried ; but the very cause of 
the circulation is defective. I n  the jacket, water rises upwards 
round the cylinder, because i t  becomes hotter. I t  is thus placed in a 
condition to exert the least cooling effect,# where i t  is most wanted, 
round the combustion chamber and valves. The result is an increase 
in the natural tendency to unequal cylinder expansion, which 
adversely affects the casting, the piston-rings, and general running of 
the engine. 

* In  patent No. 16,36692, G. G. and R. 0. Blakey. At a certain point in the 
stroke, a portion of the explosiou gas is transferred to the front of the piston 
working expansively on the return stroke. 

t I n  this country and on the continent, also in America this year. Last 
season in the United States, one-half of tlie automobiles used forced, and one-half 
natural circulation ; this year, twenty out of twenty-three employ forced, and 
only one the gravity system. 

I t  would be preferable, even with pump circulation, to introduce the 
cooling water at the top of the cylinder and withdraw it at the bottom. 
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Possibly the best method of all, and certainly the safest, would 
be a combination of the two systems. Where pump circulation alone 
is employed, it is advisable to provide against over-heating clue to 
breakdowns. The safeguard, usually supplied, is a float glass on the 
dash-board, in which the position of the float indicates the maintenance 
of the circulatiou. But this requires the driver’s attention, a demand 
to be avoided. A very ingenious French method, communicated to 
the author by Mr. Dugald Clerk, for indicating the piston water 
.circulation in gas-engines, is to lead the discharge into a tank, fitted 
with a ball-cock, connected with the gas valve. If the circulation 
fails, the tank water-level falls, the ball-cock sinks, cutting off the 
gas and stopping the engine before damage is done. On somewhat 
similar lines, the author recently suggested fitting on the pump 
discharge pipe a lift valve, so connected with the electric ignition or 
.the petrol supply that, as long as the cooling water circulated, the 
valve and its connection remained in their normal position ; but, if 
the pump failed, the fall of the valve back to its seat broke the 
electric current or the petrol supply, and 60 brought the motor to a 
standstill. A mercurial tube in connection with the cylinder jackets 
offers another method of interrupting the firing, when, owing to 
.a pump failure, the cylinder temperature becomes dangerously 
high. * 

An ingenious method of avoiding air or water cooling is 
described in Patents, Nos. 24,091, and 24,31196, J. T. Dawes. 
fnsiae the cylinder is a layer of non-conducting material, then a 

thin metal liner. The trunk piston, closed at the end, works 
outside the cylinder, a forked connecting-rod being used. The 
inside of the cylinder is thus kept very hot, while the outside is 
sufficiently cool for running. 

The question of what is the proper cylinder temperature is one 
that admits of two answers, according to the standpoint taken, 
namely, that of efficiency or that of power. A very considerable heat 
loss arises from the cooling of the explosion gases by contact with 

* Other devices-Patent No. 77995, A. Shiels (Electric Alarm) ; No. 884rS. 
1,;. Capitaine (Fusible Plug). 
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the cylinder-walls and piston. Hence the higher the temperature of 
these latter, the lower their cooling effect. High cylinder-temperature, 
therefore, conduces to efficiency, considered as the ratio of heat 
converted into work to the total heat imparted to the engine. Under 
this aspect then the cylinder walls should be kept as hot as they 
can be efficiently run. But, when power is considered, different 
considerations intervene. Other conditions being alike, the more 
charge that can be included in a cylinder of given dimensions, the 
more power will  be produced by the explosion. Thus power depends 
on the weight of the charge. Now one charge, having half the 
absolute temperature of another, will have double its weight, and its 
explosion will generate proportionately greater power. Low 
temperature, therefore, by diminishing the heat of the incoming 
charge, favours increased body and therefore increased power. In 
connection with this subject, Professor Hele-Shaw presented to the 
International Engineering Congress at Glasgow in 1901 a summary of 
power tests * confirmatory of the above. His series of experiments 
showed that in a motor with jacket water ranging from 77" F. to 
250" F. there was, with increase of the water temperature, a 
gradual decrease of horsepower declining from 4.775 B.H.P. to 
3.94 B.H.P. A determination of the engine speed and quantity of 
water circulated was omitted, but the figures are still interesting as 
sn  illustration of the effect of cylider temperature on power. In  
1896,t Mr. James Atkinson shbted that for every 54" F. by which 
the charge in the cylinder was reduced in  temperature before 
compression, one per cent. more power could be obtained from the 
engine. Low cylinder-temperature results in easier lubrication, and, 
therefore, likely enough, in reduced friction, a possible factor in the 
increase of power. 

As coolers, various types of radiators are used, with or without 
auxiliary fans, these being useful adjuncts in  hot climates or for long 
hill-climbs. In  patent No. 847191, P. Royer uses the mudguards as 
tubular radiators. Cylinder cooling by water injection has already 
been noticed. 

* Prooeedings 1901, page 791. 
f Proceeding Institution Civil Engineere, 1895-96, vol. OHXIV, pnge 163. 
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M t @ m  or Si2emcers.-Until very recently these have been 
considered merely as sound-deadeners,* and their influence on engine 
power quite overlooked. Many of the silencers used were thus 
ridiculously small, giving rise to quite unnecessary back-pressure- 
What is the proper volume ratio between the silencer and the 
cylinder the author does not know. Mr. W. A. Norris states that it 
should be a minimum of 5 to 1.7 The point could be easily settled 
by any manufacturer that would take the trouble to make the simple 
experiment. That silencers are probably yet too small, and that 
considerahlc throttling still exists, is evident from the fact that 

FIG. 17. 

The 40-E.P. Simplex Silencer (Herccrles). 

W 

The end of the exhauat pipe is plugged and perforated. 

certain American makers (e.g., the Friedman car, the Murray car) 
have added to the exhaust pipe between the cylinder and silencer a 
by-pass valve, to free the exhaust, when more power is required. This. 
method has been followed in the English Brooke car, Fig. 16, 
Plate 78, and the German Dainiler, Mercedes Simplex. It is a useful 
addition, not implying that the silencers of these makers are less- 
efficient than those of others. The illustration, Fig. 17, shows a 
common form of muaer. In the American Friedman car the 
silencer consists of concentric tubes, communicating with one 
another through perforations. The exhaust from each cylinder 

~ -~ ~ 

* Patent No. 819795, E. Turrter, describes a silencer fitted with spring pistorn 
for effecting water circulation--an ingenious use for the exhaust. 

t For volume of silencer, best calculated to mve power, H. P. Homans 
( ‘ Self-Propelled\Vehicles,” page 384) cites Roberts’ formula : v = 3-5 (cylinder 
diameter)l x (length of piston-stroke in inches). 
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enters at opposite ends of the central tubo, and diffuses outwards. 
The silencing effect is said to be very complete. Another American. 
silencer, the Oldsmobile, will be understood from the illustration, 
Fig. 18. The exhaust gases are given ample space to expand, and as. 
their passage through the perforated tubes to the atmosphere is slow 
and continuous, it is said to be noiseless. 

To ensure immunity from fracture in case of back-fire, a relief 
valve is sometimes fitted to the muffler, 

Fro. 18. 
Silencer (Oldsmobile). 

Comimnnieation of the Motor-Power to the Car.-(a) Crank and 

Crank-shaft,-As regards the position of Otto-cycle motor crank-shafts, 
the practice is to set the centre of shaft below the axis of the 
cylinder. The method is open to objections. All Otto-cycle motors 
are single-acting, high-speed engines of accentuated type, in as far 
as the initial pressure is greater, more violently applied, and more 
rapidly repeated-constantly in one direction, namely, on the 
downward stroke. This sudden blow, always applied in the same 
direction, throws a heavy strain on the connecting-rod and crank-shaft, 
and, in large power gas-engines, necessitates crank-shafts of about 
half the diameter of the cylinder. This is one of the mechanically 
weak points of 811 engines using the Otto cycle. The question is- 
whether the pregent practice deals in the best way with this defect.. 
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The prevailing method of locating the shaft line, so as to intersect 
the cylinder axis, gives equal angularity to the connecting-rod on its 
up and down stroke. The cycle, however, imposes all the working 
strain during the down stroke ; consequently, construction should, 
perhaps, aim at keeping the connecting-rod in  the most favourable 
position to withstand pressure in this period of the cycle. In  other 
words, the angularity should be reduced during the working stroke, 
being proportionately increased for the idle strokes ; less angularity 
when the pressure is great, more angularity when it is slight. An 
additional advantage is that the crosshead is kept constantly pressed 
against one guide, if the shaft is half stroke away from the axis of 
the cylinders, consequently there is no knock from bar to bar on 
turning centre. All that is needed to accomplish this is to set the 
crank-shaft in advance of the axis of the cylinder. This, as regards 
motors, excepting in the Duryea car, would be a new departure ; but 
it is not unknown in the modern, single-acting, high-speed steam- 
engine ; and the reasons for its use in the latter are certainly more 
cogent in the case of the former. I n  steam practice the Peache 
high-speed engine, made by Davey, Paxman and CO.,* and the 
Westinghouse single-acting engine might be cited as instances of this 
method of construction-a method which motor manufacturers might 
do well to copy. 

On the question of material for crank-cihafts, one of the prominent 
firms in  this country informed the author that the steel from which 
they forged motor-cranks averaged 32.5 tons per square inch tensile 
strength, that is to say, not below 30 tons nor above 35 tons, and 

* Extract from letter of Messrs. Davey, Paxman and Co., 28 June, 1902. 
“The shaft in our Peache engine is put out of line for the reason you 
describe, as the engine is single-aoting, and we do not expect to abandon 
the practice, even for large engines. At present, the biggest Peache engine 
is 800 I.H.P., and 260 revolutions per minute. No doubt the position is 
theoretically correct, and practically the plan works well.” In  “The Autocar ” 
(19 July), the Duqea Go. wrote: “This method of construction has been in use 
upon Duryea power carriages for the List three years, and has borne out 
expectations to an extent which will perhaps be better understood when me my 
that, although the crank-shafts of a 10-H.P. engine weigh barely 14 Ibs., we 
have yet to hear of a broken one, and there are some hundreds in use.” 
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containing 0.05 per cent. of phosphorus. They considered this steel 
less liable to fracture as a result of constant vibrations, shocks and jars. 
The author does not at all agree with this view. He believes that for 
small crank-shafts (also connecting-rods, etc.) a more rigid steel, of very 
much higher tensile strength, at least 45-50 tons, with even lower 
phosphorus, is a far more suitable material. A milder steel retreats 
before impact, yields and deflects, and it is this repeated deformation 
that does the damage. This is especially the case where, as in high 
speed single-acting explosion engines, the stresses of torsion and 
bending are so quickly and frequently repeated and reversed. The 
elastic limit and ultimate tenacity of these higher tensile steels is 
very much higher than those of milder quality, and as they are 
rigid and unyielding, there is no deflection to add to the strain of 
the metal, and to wear down the inner sides of the bearings, and 
thus aggravate the bending tendency. For these small forgings, 
steel of higher tensile strength is easily obtainable with equal safety, 
and should be specified by motor makers. For such purposes nickel 
steel has many claims to consideration.* 

(b) F2y-Wheel.-There is little to be said on this detail. The 
inertia of the fly-wheel is one of the chief causes of vibration, the 
explosion energy imparted to the wheel reacting on the frame. A 
very radical elimination of this objectionable feature is the provision 
of two By-wheels revolving in opposite directions. This method has 
been successfully worked out in the English Lanchester car, and also 

* In reply to the author’s enquiry on this point, Col. Holden, R.A., wrote : 
‘‘ I personally should prefer steel with a much higher tensile strength ; ’’ while 
Captain Sankey, R.E., replied: “For small engines, in which lightness is of 
paramount importance, and there is no difficulty in getting the amount of 
bearing surface, high tensile steel is, I think, the best, so long 88 it a h  has 
su5cient elongation and contraction of area. Nickel steel seems to be the kind 
of steel to use in  such a arm.” For machinery parts, subject to allternating 
stresses and wearing action, Mr. H. F. J. Porter, of the Bethlehem Steel Go., 
is said to recommend steel of 85,000 lba. tensile strength, 40,000 elastic limit, 
15 per cent. elongation in 4 diametere; or after tempering, 90,000 tensile 
strength, 45,000 to 55,000 Ibs. elmtic limit, snd I5 to 20 per cent. elongation. By 
introducing 3 per cent.:nickel, the quality is raked (see Appendix 11, page 747). 
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in the French Crozet (Tourand) motor, Fig. 19. A large, more 
especially large rimmed, and, therefore, preferably a built-up fly-wheel, 
is by no means to be despised, since it conduces to steady running ; 

FIG. 19. 
Notor ( Tourand). 

facilitates easy change from low to high gear ; helps starting on hills 
and heavy ground ; extends the speed range, enabling the motor to 
run slower without pulling up ; reduces fluctuations of rotative speed, 
and thus the stresses on all driven parts, gear, chains, and tyres. 
Naturally multiple-cylinder or high-speed, or low-compression motors, 
require less fly-wheel than single-cylinder, slow-running or high- 
compression engines. 
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(c )  Clutch.-The function of the friction clutch is to transmit 
motion from the fly-wheel to the gear. A good deal of trouble used 
to be experienced with clutches getting out of alignment, slipping, 
acting too fiercely, etc. Nowadays these difficulties have mostly 
disappeared. One of the best methods of ensuring accurate alignment 
is to mount the internal part of the clutch on the engine-shaft, 
prolonged through the fly-wheel, as in the 8-E.P. Hozier car. I n  the 
16-H.P. Panhard chassis, recently shown at the Crystal Palace 
Exhibition,theclutch,Fig. 20,Plate 78, WRS mountedona sort of Cardan 
joint, allowing a certain vertical and lateral motion-also a good way 
t o  obtain regular engagement all round. I n  other cases, provision 
against defective alignment is made by setting springs under the 
friction strip (leather, copper, etc.) with which the clutch is faced. 

In  all cases clutches are pressed against the recessed fly-wheel 
by springs, usually helical. In  the best practice, the thrust of the 
spring is regulated by an adjustable nut, etc., and is prevented from 
reaching the engine bearings by the iuterposition of a ball thrust 
bearing, as i R  the Daimler, Mors, and other cars. 

In most cars the application of the foot-brftke withdraws the 
clutch ; and, in the Mercedes Simplex of the Canstatt Daimler Co., 
the withdrawal of the clutch automatically reduces the speed of the 
motor-a very neat arrangement. 

One of the latest forms of clutch is that employed on the German 
40-H.P. Mercedes, Simplex,Daimler car, Fig. 21 (page 724). Here the 
ordinary clutch is replaced by a spiral spring fastened at one end to 
the fly-wheel, which in this case serves as fan. When in action the 
spring is caused to coil tightly round a small drum on the driving 
axle. The idea is in many respects excellent. Messrs. Panhmd snd 
De Diedrich have introduced new clutches, and the Canstatt Daimler 
Co. is said to be experimenting with an electro-magnetic arrangement. 
4Jolonel Holden has for some time beenexperimenting on the same lines. 

!&ansmission f rom Clutch to Gear.-The main point noticed is the 
increased use of universal joints at both ends of the transmission 
shaft, so as to prevent de%ection strains reaching the gear. In  the 
French 8-H.P. Clement car, behind the spring adjusting nut, the 
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clutch shaft ends in a squared section, the faces being given a slight 
longitudinal curvature to allow for deformation of the frame. The 
clutch-shaft and change-gear shaft are united by a sleeve, inside of 
which is a distance piece. By opening the coupling sleeve and 
removing the distance piece, the clutch and shaft can be removed ; 
this is a very handy device. The English Daimler, and, presumably, 
most other companies, have very similar methods. 

FIG. 21. 
Details of Nezo Clutch (Meraedes). 

1 Tk-0 
& .v 

It spiral spring fastened to the flywheel at 6, and connected on the disc P 
h’ drum gripped to an operating lever T, actuated by special sliding cam Q. 

by the spring in action. 

There is an indication, however, that these universal joints will 
be dispensed with, and greater rigidity obtained by tying all parts to 
a single frame. There is no objection to a single frame properly 
tied, but flexibility of drive, the author thinks, should be fully 
maintained, if not increased. To this end he suggests the trial of 
flexible transmission shafts, constructed on methods, illustrated by 
the coiled spring, the bundle of steel rode, etc. Such shafts provide 
not only for want of alignment, but a h ,  by reason of their initial 
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twisting, absorb the heavy jars and strains when the clutch is too 
fierce or too suddenly applied. The same method of construction 
might perhaps be applied to the countershaft between the differential 
and the sprocket pinions. 

Change-Speed Qear.-The various systems in use do not present 
much novelty. Four methods predominate : toothed wheels which 
are slid in and out of gear, the Pauhard type, very generally used ; 
gear-wheels' always in mesh, but fixed, when required to drive, by 
interior expanding clutches, used, for example, by the Socibt6 des 
Automobiles Crouan, Paris, less common, but likely to become a 
great deal more so ; belt-gear, as in the Benz cars, fast disappearing ; 
epicyclic gear, running solid for the high speed, found chiefly in 
light cars ; lastly B link motion, by which varying throw is imparted 
to rods which drive the differential, on the rear axle, through 
reciprocating clutches. Only one instance of the use of this method 
is known to the author, namely in the 24-ton lorries, built by R. 
Hagen, of Cologne. 

With gears the general tendency is a direct drive for the highest 
speed ; that is, without the use of intermediate pinions between the 
motor end the differential. The Mors car may serve as illustration 
of the method, Fig. 22, Plate 79. At the end of the primary and 
secondary shafts there is the usual bevel pinion gearing into and 
driving the differential; this is in use for the first three speeds. 
The fourth speed is transmitted direct from the primary or driving 
shaft (that next to the motor) to the differential through a spur wheel, 
out of gear, for the first three speeds. Actuation is by a lever that, 
forcing back the driving shaft, leaves the intermediate shaft out of 
gear and engages the loose spur-wheel with the differential. 

An ingenious idea has been realised by Mr. L. Megy of Paris. 
Dispensing with the hand change-speed lever, he causes the speed to 
automatically vary according to the resistance to be overcome. The 
gear-wheels are always in mesh, and on each of the loose wheels is a 
large collar or drum, inside of which is a leather disc. These discs 

* Double helical, or fiahbone, gearing is the least noiay. 
3 D  
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are operated by a rod inside the shaft and are displaced by the 
resistance met with by the car. Thus, when the car begins to slow 
down on one gear, the rod moves forward and presses the leather disc 
on a lower speed wheel, and vice versci. Any one speed, however, 
can be fixed by a hand lever. The car thus regulates its speed to the 
road, or can be regulated when required. 

It is quite possible that change-speed gears may be soon driven 
out of the market, either by motors of sufficient flexibility or by some 
electric transmission of power from the motor to the driving-wheels. 
Or, though far less likely, by hydraulic gear. It is rather a sign of 
the times that Messrs. Panhard and Levassor should, it is stated, 
have taken over the Canstatt-Daimler and Lohne-Porsche French 
patents for a system in which the motor drives a dynamo, and this an 
electric motor on the wheels. A number of cars of this nature are, it 
is said, proving satisfactory. 

Differential Gear.--In a few cases the differential has been 
replaced by other arrangements. Messrs. Brouhot et Cie. of France 
are said to employ ratchet clutches inside the hubs of the driving 
wheels. I n  taking corners, the outside wheel runs free, and on 
dropping down again to the same speed as the inside wheel, the 
ratchet pawl falls into the teeth for forward driving. 

I n  the Swift voiturette also the road wheels are fitted with free- 
wheel clutches of the ratchet type, such, only on a larger scale, as 
are in use on bicycles. 

Neither arrangement would appear suitable for reversing." 
I n  designing a differential, the pins should be of the strongest 

material and ample proportions, and every precaution should be taken 
to keep the gear free from any defect in the countershaft alignment. 
Universal joints in  the latter can be used, and the flexible shaft as 
suggested might be tried. 

~ 

* Patent No. 21,67592, C. M. Johnson, describes another substitute for the 
differential. The axle of the driving wheels is fitted with two friction clutches, 
one for each wheel. These clutches are connected by chains or equivalents to 
the fore wheels or axle, in such way that as one chain is tightened, on a curve, 
the respective clutch is released, and the wheel is free to revolve apart from the 
motor. 
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The weakness of the divided shaft is remedied in cc the liner tube 
countershaft,” or may be got Over by placing the differential on the 
road wheel axle. 

The defects of bevel differential gear are :-natural tendency of 
bevel gear to force itself apart, end thrust of the pinions against 
the collars, excessive wear and tear, cross strain on the bearings, 
loss of power by conversion at right angles. The same compensation 
is obtained by spur differential without the thrust and wear. 

Systems of Driving.-The two systems of driving are the live 
axle and the double sprocket chain. The former seems the better 
mechanical job, but so far it is chiefly confined to light cars. A 
notable exception is the 40-H.P. Napier, on which Mr. Edge has 
recently won the Gordon-Bennett Cup. No development of the 
central chain drive has taken place. 

I t  is difficult to understand why sprocket c h i n s  are left quite 
uncovered and usually without lubrication. Both could be easily 
effected. 

Xteeving.-All first-ch36 cars are fitted with irreversible steering 
gear, mostly of the worm and worm-wheel section, or preferably the 
square thread shank and sleeve or nut on account of the reduced 
wear, which in the former arrangement may soon produce backlash, 
Fig. 23 (page 729). 

In  the future, efforts should be made to embody resilient or 
absorbent members in the locked or irreversible controls, which at 
present transmit in their full force all shocks and blows from the 
front wheels. 

At the time of the Paris Exhibition, a tendency was displayed 
towards utilizing the steering pillar or column for other purposes as 
well. Thus in the light car of Messrs. Seug et Henry, Romilly-snr- 
Seine, the column had three movements. In  the vertical position, i t  put 
the brakes on and gave the driver room to mount or dismount. Pulled 
down to the second notch, the brakes were off, but the motor was still 
out of gear. In the third notch, the usual position for steering, the 
motor was in gear. In the Megy French car, when the pillar was 

3 ~ 2  
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upright, the motor was out of gear; inclining the column to its 
steering position and pushing it down put the motor in gear ; an 
upward movement threw the motor out of gear and applied the 
brake; while a further upward motion reversed the gear. The 
column could be fixed in any one position. The American Duryea 
car is another instance of a manifold use of the steering pillar. The 
practice is not, so far, extending. 

Brakes.-Invention is still busy with this important detail of car 
construction, and there is yet room for an improved brake, perhaps 
hydraulic, pneumatic or magnetic. Several makers are abandoning 
band brakes on the driving wheels ; and, in the author's opinion, the 
step is a wise one. The substitute mostly takes the form of an 
inside expanding brake acting on the inside of a special sprocket 
ring." Messrs. Charron, Girandot et Voigt have introduced an 
expanding collar inside a drum on the wheel. The Canstatt 
Daimler use a powerfully built expansible ring clutch, acting within 
an annular flange, secured to the road wheel, as part of the sprocket. 
Messrs. James and Browne employ a double-acticg brake, having two 
east-iron slippers acting on the inside faces of the sprockets, Fig. 24 
(page 730). Another form of brake is the French Rassinier, which 
substitutes the grip of rollers (rolling friction) for blocks (sliding 
friction) on an annular ring affixed to the rear wheels, Fig. 25 (page 
731). I t  is said to be impossible to fire the brake or affect its grip by 
grease. 

The water-cooled band-brake on the differential, and occasionally 
on the countershaft as well, shows no alteration. Neither of these 
positions is commendab1e.t 

*.Expanding ring brakes are more easily protected from dirt, damp, and oil, 
which greatly affect the frictional properties and the wear of hand brakes. 

t Brake power becomes effective at the tyre surface, hence the greater the 
number of intervening parts, the greater the chance of brake failure. By direct 
application to gear, the latter is more severely taxed. Brake action on the 
differential is likely to cause skidding, if one wheel is on slippery ground ; in 
any case the stopping power would be greatly reduced. 
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FIG. 23. 

Steering Geula (Duimler Motor (70.). 

Worm and wheel sections. 
Screw and nut steering gears. 
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In almost every case, operating the footbrake withdraws the 
clutch and in some cases throttles the motor. 

FIG. 24. 
Rear Wheel Brakes (Jumes and Brozcne's). 

.^ 
p. 
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Axles.-It is a strange thing that no English firm appears capable 
of turning out motor-car axles of quality and accuracy equal to the 
production of French and Belgium firms. The Wolseley Go., as 
might be expected, make their axles from Vickers’ special axle steel, 
but other leading firms import largely from foreign makers. 

FIG. 25. 

Brake (Rassinier). 

A, annular ring attached to  hub or spolces ; C C lever fulcrumed on shaft E 
and pressing rollers D D against the brakc ring surface. 

An enquiry to one of our large forging firms for an explanation 
of this fact elicited the reply that there appeared to be nothing in 
the material itself to differentiate i t  from the steel of this country, 
and that if m y  superiority existed, it  must be due to a method of 
hammering which was more or less a lost art in England. The 
author, after visiting the French factory and seeing their methods of 
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manufacture, advised a firm of English manufacturers to import a few 
leading hands and start home manufacture ; but the advice was not 
followed, and so far the trade is allowed to remain in the hands of 
the foreigner. 

The employment of weldless steel-tube or hollow bored axles, 
which is the latest development,* ought to suit British makers, and 
if this type of axle prover, successful, British-made axles ought to be 
found on every car. 

S’rirzp-The same remark as to the superiority of the foreign- 
made article applies to motor-car springs. 

The firm of Lemoine et Cie. have a special reputation for such 
goods. For the purpose of more closely studying their process, the 
author visited their works, and also the Ptiris establishment of Messrs. 
Rothschild. Although naturally reticent, Messrs. Lemoins stated 
that the spring steel they used was a special brand made exclusively 
for their use by Messrs. Holtze of Unieux, Dept. Loire, the metal 
containing manganese and a certain percentage of silicon. Every 
spring vas  tested before delivery, and the tests witnessed by the 
author showed excellency both as to quality and make. 

By far the majority of thc springs used by French makers are of 
the Grasshopper type, fairly broad, flat and long. Length is a point 
on which both Messrs. Lemoine and Messrs. Rothschild lay stress. 

The choice of spring dimensions naturally depends on seveid 
factors :- 

The horse-power of the car. 
The weight of the car. 
The length of the car. 
The speed of the car. 
The elasticity desired. 

* Hollow axles appear to have been takeu from the French. I n  what seem8 
the best method of mauufacture, the axle is forged with certain outside 
enlargemente, desired a8 re-inforcements in the interior. The forging is then 
bored from end to end. I t  is next heated and prewed in dies, which remove tho 
enlargements from the outside and cause corresponding contractions of the bore 
a t  these places. The axle is then given the desired curve, hardcned, tempered, 
and finished in the lathe. 
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Generally speaking, springs should not be less than one metre in 
length, preferably more. For light cars they should show when 
loaded a deflection of 15  to 30 mm. for every 100 kg. of dead 
weight. In heavy cars the deflection may be as low as 12 to 13 mm. 
per 100 kg. of dead load. 

The customary method of application is to support the frame on 
springs; but in the Rothwell Light Car, built by the Eclipse 
Machine Co. of Oldham, the body is carried by springs on the 
frame, and the vibration is said to be reduced. In a few cars a cross 
spring is added to the side springs, and this no doubt tends to break 
the periodicity or rhythm, which, occurring in any one system of 
springs, may accumulate to a disagreeable swaying. 

Though not in use, numerous patents describe spiral springs for 
automobiles, and there seems no particular reason why they shoulcl 
not be employed, especially for heavy drays, &c. 

With the object of saving the springs and preventing the wheels 
from jumping from the road at high speeds, pneumatic buffers form 
a new feature in the 80-H.P. Mors car raced by Fournier in the 
late Gordon-Bennett Cup competition. A pneumatic cylinder is 
fixed to the frame, above each front spring, while the piston-rod is 
attached to the axle, Fig. 26, Plate 79. Above each rear spring, two 
pneumatic cylinders or dash-pots are similarly fixed. 

Endeavours have been made to save the motor also from jar, 
by rubber suspension buffers, as illustrated, Fig. 27 (page 734). 
With a flexible drive and flexible pipe connections, the plan might 
be serviceable. 

K.ames.-Most makers are now using a longer wheel-base and a 

broader frame, giving greater space for large roomy bodies. 
Whereas until very recently the engine and mechanism were 

usually carried on an under-frame, and deflection provided for by 
universal joints on the shafts, &c., the most recent practice, illustrated 
in the 40-H.P. Mercedes Simplex car, dispenses with the under-frame 
and universal joints, and carries engine, bearings, gcar, &c., on the 
main frame, which is braced and stiffened for the purposc, Fig. 28 
(page 735). 
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As regards material, car frames are mostly of armoured wood, 
then stiffened or backed by girder-shaped steel plates. For the 
recent Paris-Vienna race, Messrs. Charron, Girardot et Voigt forced 
the square section wood into thin meldless steel tubing, which 
takes the same shape, and fitting tightly to the mood is stated to 
give, as it is likely to do, greater rigidity than the other method. In a 
few cases, as in the new De Dion light car and in the Humber 
10-H.P. car, a tubular frame is used ; in this latter case probably 
due to the great familiarity of the Company with this class of 
work. In 1903, pressed-steel frames promise to be popular. 

Lubrication.-In this respect, there is nothing very new or 
The innumerable toy grease-cups that used to adorn noteworthy. 

FIG. 27. 
Method o j  at fading  iWotoT to an Angle Fmme, 6y Rubber Bq$ers. 

the mechanism of cars have been replaced mostly by sight drop-feed 
oil lubrication. I n  a few cases, the prefcrable forced or circulating 
pump lubrication is employed. In the Wilson and Pilcher car, this 
excellent system is used throughout, the oil being drained back, 
filtered and re-used. In the 35-H.P. Mercedes car, lubrication of the 
engine, enginc bearings, and change-speed gear is provided by an oil 
pump, chain driven off the half-time shaft. In  the 20-H.P. Maudslay 
car, the engine shaft is extended forward, and by means of worm gear, 
drives two barrel pumps fixed on the frame. In both cases the oil 
returns to a reservoir and is filtered for re-use. All pumps, whether 
for oil or water circulation, should be gear driven. 
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Changs-speed gears are generally run in oil; and crank-shaft 
lubrication is of the splash, collecting cup or ring type. 

A very usual method of crank lubrication in modern high-speed 
steam-engines, is to fill the crank-chamber with water to a depth 

FIG. 25. 

The neiu 40-B.P. Simplex IiS.nnie (Mercecles). 

Sectiolw ofEi.am.4 at A B C 

covering half the crank-pin on the down stroke, floating oil on the 
top. The churned oil and water 
furnish better and more ample lubrication thnn oil alone, while the 

This plan has two advantages. 
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gradual evaporation of the water prevents the temperature rising over 
212" F. It would be worth trying thesame plan for motor cranks, 
provided, which with the piston fit and temperature does not seem 
likely, that water did not find its way into the combustion chamber, 
and that evaporation was not too rapid ; the addition of water would 
not only improve lubrication, but very considerably cool the piston 
and cylinder walls, whilst at the same time it would provide a volume 
of lubricant enabling the engine to run safely, should the oil-supply 
temporarily fail. I t  is unnecessary to add that the crank-chamber 
must communicate with the atmosphere by pipe or otherwise." 

So far as the anthor knows, the Duryea car is the only make that 
sensibly provides oil-pad lubrication for the pins of the driving 
chains. 

There is rather an interesting question as to the temperature 
which bearings may be allowed Lo attain for maximum efficiency. The 
following figures recorded in the 6' Uhland's Technical Rundschau " 
represents the result of certain German experiments. The running 
conditions remaining the same, the friction decreased with the 
increase of the bearing temperature, up to a certain point in the 
following proportions :- 

Temperature in degrees Ccnt. . . 2 9 O  49" G4O 82" 93O 1 1 5 O  
Frictioniulbs.Xng1ish . . . . S.0  7 .5  6.0 5.0 6 . 5  7.0 

At 82" C. the friction is a minimum, it then begins to increase ; a t  
115' C. it is still 1 Ib. less than at  29" C .  Warm, though not hot, 
bearings, therefore, appear to be advantageous. 

There is also another interesting point that so far appears to have 
escaped the attention of the chemist and the engineer-the effect of 
lubrication on charge-firing. At certain temperatures and pressures, 
trouble is experienced by premature so-called automatic firing of the 
petrol mixture. I t  has been stated, and by authorities of standing, 

* Since writing the above, the author has found the melhod applied to oil- 
engines, patent No. 11,93007, P. A. Estere, but in this case for purifying 
purposes. 
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that petrol charges cannot be compressed to much over five 
atmospheres without risk of premature firing. What this represents 
in temperature is difficult to say with accuracy, since one factor- 
the working temperature of the cylinder wall-has not been 
determined. Owing however to the thinness of the metal and the 
steepness of the heat gradient, i t  is probable that no great difference 
exists between the mean temperature of the inner and the outer skin, 
and that tho mean temperature of the whole consequently is not 
greatly in excess of that of the jacket water. Although no 
temperature measurements seem to have been taken, certain 
considerations would appear to fix this temperature at from 200" to 
250" F. Assuming therefore the incoming charge to attain this 
temperature, and then by further compression to 75 Ibs. to receive an 
additional rise of 374" F., its final temperature will be from 574" to 
624" F., which would stand as the critical point of automatic ignition. 
The principle and fact of ignition by compression is so well established 
in the minds of engineers that, for example, Messrs. De Dion and 
Bouton have patented a self-igniter,* consisting of a small cylinder 
in communication with the main cylinder. A piston compresses a 
little of the petrol mixture, and the ignition striking back fires the 
charge. Now, the point raised by the author is this: Is the 
automatic ignition of a petrol mixture possible under any temperature 
attainable in a water-cooled motor? He doubts the possibility. 
With a view to testing it, he recently took a 32-inch x 44-inch tin 
case, with tightly fitting cover, and successively introduced two, four, 
and six drops of petrol, then placing the case over a Bunsen burner. 
At each attempt the heat was increased until the solder melted. In  
no case did ignition take place. He then took a jointless stampecl 
tin case, 35 inches x 1 inch, and tried unsuccessfully with four and 
s ix  drops of petrol to obtain explosion at partial red heat, Repeating 
the tests, using instead of petrol a cylinder lubricating oil of 410"- 
430" F. flash point, 44Oo-46O0 F. fire tcst, 910-915 density, ignition 
was readily obtained. 

* Described and illustrated, " Horseless Age," 20 Aug. 1902, page 200. 
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Not satisfied with the sufficiency of these results, the author 
questioned Messrs. Carless, Cape1 and Leonard as to thc temperature 
at  which petrol vapour and air would ignite. On 29 August they 
replied : ‘‘ From our experience we should have thought it would 
be impossible for a mixture of petrol vapour and air to ignite, 
except on the application of a light.” He then addressed an inquiry 
to Mr. A. Phillips of Reading, as to the temperature of premature 
ignition in air-cooled motors. The answer was : ‘‘ From practical 
experience with air-cooled motors I find that explosion usually takes 
place when the walls of the cxplosion chamber are just below red 
heat.” 

There are, therefore, the following phenomena :- 
1st. Failure of petrol vapour and air to ignite at even partial red 

2nd. Ignition of lubricating oil under similar conditions.* 
3rd. Automatic ignition of petrol charges in water-cooled motors 

at  comparatively low temperatures. 
4th. Similar ignition in air-cooled motors at  higher temperatures. 

The conclusion to which these phenomena point is, that the automatic 
ignition of petrol charges is due, not to compression or temperatures 
attainable under running conditions, but solely and directly to the 
ignition of the lubricant employed. It takes place at a fairly low 
temperature in water-cooled motors, because the oil used has a 
comparatively low flash-point ; and it occurs in air-cooled motors a t  

heat. 

* “ It is a curious and interesting fact that, with heavy oils, ignition is more 
casily accomplished at  a low temperature than with-light oils. The explanstion 
seems to be that, in the case of light Oils ,  the hydro-carbon vnpours formed are 
tolerably stable from a chemical point of view, but the heavy oils very easily 
decompose by heat and separate out their carbon, liberating the combined 
hydrogen, and, a t  the moment of liberation, the hydrogen, being in what 
chemists know as tha nascent state, very readily enters into combination with 
the oxygen beside it. I n  this manner combustion is more easily started with a 
heavy oil than with a light one . . . . It is a peculiar fact that oil vapour, mixed 
with air, will explode by contact with a metal surface at a comparatively low 
temperature.”--“ The Gas and Oil Engine,” D. Clerk, page 423. 
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a higher temperature because the lubricant employed has a higher 
flash-point. 

Turning for a moment to the lubricating oils in common use with 
water-cooled motors, the following figures are typical :- 

FIashing Point. 
410° to 450° F. 

Burning Point. 
460° to 550° F. 

If the author’s suggestion be correct, it  might be supposed that 
three results would be noticeable :- 

1st. Premature ignition would be more frequent when excessive 
lubrication was employed. 

2nd. It would be continually occurring with lubricants of which 
the flash point was below 600” F. 

3rd. I t  should leave evidence of its uccurrence in the form of 
carbon deposit. 

The first result is distinctly noticeable. The second and third 
results do not necessarily follow. As Mr. H. B. Case, managing 
director of the Vacuum Oil Co., recently observed to the author: 
‘‘ The assumption that decomposition begins at burning point may 
be accurate, but practice seems to show that decomposition does not 
go far enough up to a considerably higher point than the burning 
point to cause deposit of consequence. This seems reasonable in 
view of the fact that the flash and burning points are determined by 
an accumulation, during a considerable period of heating, of enough 
vapour to flash or ignite ; and, in practice, the vapour escapes, as it 
is driven out of the oil. After one flash, an oil will go to a higher 
temperature before another flash occurs; and, if at the burning 
point the flame is blown out after ignition, the oil will go to ~t 

higher temperature before it will ignite again. The period of time, 
which will elapse before another flash or a re-ignition occurs, varies 
with the character of the crude petroleum from which the oil was 
made, and the processes of refining. The pride variation in these 
two things makes it impossible to deduce accurately from what one 
oil does, under given conditions of service, what another oil, even 
though similar in tests, mill do under the same conditions.” From 
this it will be seen that, to produce the results in question, three 
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conditions must be fulfilled :-There must be sufficient time for 
decomposition; sufficient oil to generate enough vapour to flash ; 
and sufficient continuous burning to cause any deposit of consequence. 
In practice these conditions are not so frequently present. Excluding 
the suction stroko, when the temperature is too low for the purpose, 
the duration of oil exposure to vaporization or decomposition in the 
presence of air is confined to the compression stroke. The time 
factor is, thcrefore, very short, unless indeed oil vaporization is 
continuously proceeding between the hot surface of the piston and 
the cylinder wall.” On the other hand, continuous burning is or 
should be confined to the working stroke; very little carbon, 
therefore, should be formed. On this point Mr. Veitch Wilson, 
Chief of the Lubricating Oil Department, Price’s Patent Candle 
Co., on 9 September, wrote to the author : 6‘ The question as to what 
we may attribute the tendency of gas-engine oil to carbonise is an 
exceedingly difficult one, and suggests a prior question, viz., 
whethcr the carbon found in gas-engines proceeds from the fuel 
(gas, oil or petrol) or from the lubricant, Prom data before me, 
supplied by the authorities already referred to, I think that I 
am correct in saying that, in the case of a gas-engine, the 
relations of gas and of lubricating oil used, gas baing reduced to 
actual weight in accordance with its known specific gravity, are 
about 96 to 97 per cent. of gas against the balance in lubricating 
oil. Analysis shows that the composition of town gas, or of gases 
from mineral oil or from spirit, closely approximate one another, 
vie., hydrogen, say 16 per cent., carbon about 8% per cent.; and, 
on this assumption, i t  seems not unfair to suppose that the bulk of 
the carbonaceous deposits which are found in gas and oil-engines is 
due to the fuel rather than to the lubricant.” If this view is corrcct, 

* ‘‘ We are of opinion that, owiug to the complex nature of all hydro-carbon 
oils, to mhioh this test (evaporation) applies, the liberation of the lighter and 
more volatile fractions begins and may proceed at temperatures much lower than 
that at which the volume of the liberated ga3 renders it visible to tlie most acute 
perception,or bufficieut to affect the most delicate instruments.”--“ Some Aspects 
of Lubricatim,” by J. Veitch Wilson, page 29. 
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lubricating oil, as it undoubtedly flashes during the esplosion stroke, 
might also occasionally do so during the compression stroke, without 
betraying the fact by any material increase of carbon deposit. 

The arguments that ascribe premature ignition to the flashing or 
burning of the lubricant, might be countered by ascribing it to 
incandescent carbon in the cylinder or ports. It is quite possible 
that this also may be a cause of pre-ignition. But it does not fully 
meet the case. As incandescence would be continuous, it  should also 
lead to continuous pre-ignition ; it should make pre-ignition inde- 
pendent of tbe amount of lubricant used, but the reverse is the case ; 
it  should confine premature explosion to cases where such deposit is 
present, but this is not in accordance with fact. 

Speaking with the reserve due to imperfect study of the problem, 
the author inclines to think that low-flash lubricants are a cause of 
premature charge-firing. The easiest way out of the difficulty, 
therefore, would be to use only oils of the highest obtainable flash 
point. Unfortunately tho oils of this description now on the 
market are extremely viscid. This gives rise to two fresh difficulties : 
one, the feeding of such oils into the cylinder; the other, the 
spreading or dispersion of the lubricant within the cylinder. The 
first difficulty could be overcome by a mechanically-operated 
lubricator, such as Messrs. Snowdon use for their cc Sinol,” a graphitic 
lubricant of high viscosity. The second is thus described by 
Mr. Case: &‘An oil fed into steam is blown, by the velocity of the 
steam, iuto minute particles, which are carried through all the steam 
and deposited on all surfaces with which it comes in contact. In a 
petrol engine a drop of oil entering the cylinder remains almost 
intact, and oils of DS high flash point (585’ and 640” I?.) and viscosity 
(234” @ 210” and 320” @ 210’) as ‘ Hecla ’ and ‘Extra Hecla ’ 
mill not spread over the surfaces.)) Both Messrs. Bluman and 
Stern and Messrs. Snowdon are inclined to differ from this view; 
the managing director of the former writing : “ I am of opinion that 
by the combustion in  the cylinder, the lubricating oil is spread in  
somewhat similar manner to the process going on in a steam 
cylinder ” ; that of the latter stating : (‘Any good oil, as 6 Sinol,’ is 
diffused or sprayed all over the cylinder.” The fact, however, that 

3 E  
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inventions* have been patented with a view to overcoming the 
difficulty mentioned by Mr. Case, rather points to its recognised 
existence, at least in the case of the more viscid oils. 

As the author would, no doubt, be asked why in gas-engines oils 
with 400” to 450” F. flash-point do not cause premature ignition 
of the charge, he may at once say that he has not studied the 
question. Vcry possibly, the cylinder temperature being kept lower 
and the quantity of the lubricant used being much more accurately 
determined, decomposition is sufficiently impeded. Again, it  would 
appear as if hydro-carbon vapour exerted an influence on lubricants 
which a gas mixture does not. On 28 August, Messrs. Crossley 
Brothers wrote to the author: “Some short time after we had 
commenced manufacturing oil-engines, i t  was brought home to us 
that the class of oil suitable for lubricating a gas-engine piston 
would not do so for an oil-engine, as there appeared to be moro 
tendency for the oil to carbonise and to cause the rings in the piston 
to stick.” 

The practical conclusions to which the author arrives are, first, 
petrol motors should be fitted with positive feed-lubricators, ensuring 
a sufficient, and no more than sufficient, oil supply; second, that 
with such lubricators high flash point oils should be used in 
preference to the oils now commonly employed. The high viscosity 
of such oils is favourable to the retention of compression; on the 
other hand, it tends to increase friction and thus also the temperature 
to the rubbing surfaces. 

Conc1usiow.-The author has endeavoured to bring the present 
techniquc of motor-car manufacture briefly before the Members of 
this Institution, because the industry is undoubtedly one of growing 
importance, and because there are so many features that admit of 
improvement, and so many points that require the elucidation which 

* E.g. Patent, No. 20,44986, D. Smith. The inventor proposes to introduce 
the Iubricant with the air-charge. Patent No. 5,147=, S. Rolfe. During the 
working stroke, immediately after explosion, water together with lubricant is 
injected into the cylinder. 
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the Members of this Institution are pre-eminently qualified to give. 
The majority of manufacturers do not possess large financial resources, 
nor much available time for the technical research and experiment 
needed for the advancement of the industry. I n  some cases, alas, 
they do not seem to recognise the importance, nor the real economy 
of dealing with the problems be€ore them, in a scientific manner. 
Time and money, spent on independent research, on obtaining expert 
advice on testing, analysing and so on, represents to them expenditure 
of capital, better employed elsewhere ; whereas, there cannot be a 
shadow of a doubt that, properly applied, time and money so spent are 
the most rigid and comprehensive economy that a manufacturing 
business can effect. 

But i t  is not only to the Members individually but to the 
Institution as such this subject is presented. From the former, 
opinions and information are solicited ; to the latter is submitted the 
question, whether considering the magnitude of the industry, the 
Council of this Institution might not, in accordance with the practice 
and scope of our association, afford the mme assistance as they have 
given to the gas-engine industry. A Gas-Engine Research Committee 
has been formed ; could not the scope of this Committee be extended 
to the investigation of the many problems surrounding and impeding 
the progress of the petrol engine 3 

The author begs to thank correipondents for information, and 
publishers for the loan of illustrations, courteously accorded. 

The Paper is illustrated by Plates 78 and 79 and 25 Figs. in the 
letterpress, and is accompanied by 2 Appendices. 

3 ~ 2  
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APPENDIX I. 

Efect of admitting Aqueous Vapouv to the Fuel. 

Patent No. 14,242", J. H. Ladd, is for the manufacture of gas 
by charging air first with hydro-carbon vapour, and then with water 
vapour. The specification claims that such gas is very advantageous 
for use in explosion engines, not only because i t  is cheap, but also 
because i t  produces more power than coal gas, and its combustion is 
so perfect that no deposit is found in the cylinder. 

Patent No. 10,018'16, H. Lane, states :--" The utilization of 
heavy oils . . . in oil-engines has hitherto been attended with 
considerable difficulty, the combustion being imperfect . . . My 
invention consists in the construction of an apparatus . . . whereby 
I alter the naturo of petroleum and the likc, by decomposing i t  in a 
retort along with water, or along with gas-engine products, viz., 
steam or aqueous vapour and carbonic acid. . . in the one case, 
producing o, niixtnro of hydrogen and carbonic oxide, and in the 
other case, carbonic oxide alone. Neither hydrogen nor carbonic 
oxide gases, when undergoing combustion, give off smoke or smell, 
and both gases are permanent or free from condensation when in a 
cold state. These qualifications, which are not possessed by 
petroleum and the like, when vaporized are of very great value for 
actuating gas-engines, as the combustion of hydrogen and of carbonic 
oxide gas is more easy and perfect, and causes no deposit in the 
cylinder." 

In his Paper, '' Liquid Fuel for Steamships," read before this 
Institution, July 1902,Mr. Edwin L. Ordestates (page 422):--'6Besides 
this actual loss of heat (viz., in raising the water to boiling point, 
boiling it, and heating the steam to the gas temperature), the 
presence of water destroys the conditions necessary for perfect 
combustion." On the other hand, in " Liquid Fuel : Its Application 
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Past and Present,” a Paper read before the Technical Society of 
the Pacific Coast, Mr. R. G. Paddock said, “ T o  approach the 
theoretical limit (of steam generation), vaporization appears to be 
the most practical plan . . .Vaporization means the combining of 
the steam and oil, without a residue, in a gas sufficiently stable to 
enable i t  to reach the furnace without condensation. Superheated 
steam appears to be the only medium which will accomplish this. 
I ts  action is quite different from saturated stcam . . . The 
temperatures of oil and steam necessary to produce a vapour depends 
upon the characteristics of the oil.” 

Whereas Mr. Ordo comments on the cooling of the flame, by the 
addition of water, Mr. Paddock draws attention to the increased 
temperature by the use of superheated steam. Thus, referring to 
welding with liquid fuel, he observes, ordinary steam spraying is 
unsuited, because the dissociation of the oxygen and hydrogen of 
steam in contact with iron at a red heat, appears to produce oxygen 
in a nascent state, causing a more rapid oxidation than whcn 
liberated from the nitrogen of the air ; secondly the flame is subject 
to chilling. But, if superheated steam is employed, and the oil 
vaporized, the heat is so intense that iron may be readily melted. 

The two views are not incompatible, because Mr. Orde speaks of 
the influence of water, as such, on the fuel; while Mr. Paddock 
refers to highly heated steam. It is Mr. Paddock‘s observations 
that chiefly interest the oil-motor engineer. 

The possible effect of water on the charge lies in its influence 
for or against the fuel decomposition. With every combustible gas, 
there is a lower and an upper limit of explosibility in the presence 
of air. Between these limits the mixture is more or less violently 
explosive ; below and above them it burns quietly or is 
incombustible. In 1901 Professor H. Bunte * gave a table of limits 
for twelve gases and vapours. From this the following figures are 
taken :- 

* ‘‘ Explosive Gas Mixtures ; ” a Paper read before the German Society of 
Gas and Water Engineers, 1901. 
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CarbonMonoside . . . 
Hydrogen . . . . 
Water Gas . . . . 
Acetylene . . . . 
Coal Gas . . . . 
Ethylene . . . . 
Alcohol . . . . 
Methane . . . . 
Ether . . . . . 
Bonzelie . . . . 
Pentme . . . . 
Petroleum Spirit . . . 

TABLE 3. 

5s.4 
67.0 
54.3 
49.0 
11.2 
10’5 
9.7 
6.7 
6 .0  
3.0 
2 -5 
2 .5  

Description of Gas. Range of Explosibility. I 

* “ Self-Propelled Vehicles,” 1902, page 373. 
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diagrams also indicate the same fact. The author’s suggestion is 
that, at high temperature and pressure, water vapour, if in minute 
quantity, as in the case of a leaky cylinder, is at  once decomposed, 
and, by its decomposition, upsets the chemical stability of the fuel, 
hastening and extending its decomposition. The action of larger 
quantities of aqueous vapour is not so certain. Possibly by reducing 
the temperature, they retard and diminish decomposition, thus 
leading to a more regular and economical combustion of the fuel, 
with higher mean pressure and more power. 

APPENDIX 11. 

Nickel Steel for Automobile Work. 

The author advocates nickel steel, in automobile work, for rivets, 
pins, exhaust valves, rods, shafts, axles, and springs. I n  a number 
of technical journals, British and foreign, the properties of this 
material have been lately to the fore. I ts  chief merits are:- 
(a> Stiffness or resistance to deflection under impact, and toughness 
or resistance to fracture under repeated impact.-Steel with 3 per 
cent. nickel shows 48 per cent. greater stiffness, and 45 per cent. 
greater toughness than similar carbon steel. With 5 per cent. 
nickel the difference is even greater. ( b )  Elastic limit.-The 
elastic limit of mild and medium hard steel is usually taken as 46 
to 50 per cent. of the ultimate strength. With 3 per cent. nickel 
steel it  is stated to be 63 to 74 per cent. (c) Tenacity.--In simple 
carbon steel, R crack oiice formed quickly develops, and the 
material breaks short. I n  nickel steel the rend is gradual. The 
latter gives warning, the former does not. ( d )  Temper.-Nickel 
allows a reduction of carbon, makes the steel more sensitive to 
temper, and facilitates the tempering of irregular shapes. Where a 
forging is too complicated for oil tempering, the requirement may 
be met by using a somewhat softer and tougher steel and introducing 
from 3 to 4 per cent. nickel. ( e )  Resistance to oxidation and heat.- 
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An 18 per cent. nickel alloy is said to be practically incorroclible. 
A high nickel alloy also withstands well the action of heat. 
(f ) Anti-frictional properties.--The American Sullivan Machine 
Co.* state:-"We believe that the nickel renders the wearing 
parts of machines which run on other parts less liable to cut, the 
nickel apparently having the property of making the surfaces 
smooth with wear, even though not always properly oiled." 

As regards percentages, the Crucible Steel Co. of America 
recommends a 0.35 carbon 5 per cent. nickel steel for all first class 
work. The efficiency increase in the material is stated to vary with 
the amount of carbon present, running from 40 per cent. in soft steel 
to over 60 per cent. in hard steel, while, in the case of very hard tool 
steel, the effect is said to be much greater. 

Discussion on 17th October 1902. 
The PRESIDENT thought the first duty of the members was to 

accord to Captain Longridge a very hearty vote of thanks for his 
Paper. The author very justly said in concluding i t  that the 
subject was one of very great interest and importance to the country 
at the present time, and he trusted Captain Longridge would be 
rewarded for his trouble in writing the Paper by a very full 
discussion of the numerous points he had raised. 

The vote was carried by acclamation. 

The PRESIDENT announced that, before the discussion was proceeded 
with, Captain Longridge desired to make a few remarks on certain 
leading features to which he especially wished to direct attention. 

Captain LONGRIDGE in the first place thanked the Council for 
affcrding him the opportunity of bringing the Paper before the 
members, and secondly, thanked the members present for the cordial 
interest they had taken in  the subject. H e  desired to emphasise the 
subject, and not the author, still Iess his trade connection. He 

* Quoted in the " HorseIess Age," 23 August 1902. 
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wished the members to abstract from the Paper any association with 
the last two points, accepting his assurance that in offering it he had 
absolutely no trade axe to grind. He came before them as an 
insignificant member of the Institution, offering many facts and a 

few opinions, and asking advice and guidance in the path of 
progress. The broad question before them was: I n  what 
direction did progress l ie? Looking at  the facts recorded 
in the Paper, there appeared many paths leading to the same 
end. For instance, there was, in the first place, the development 
of the impulse-every-revolutiun engine, and secondly, the question 
of steel cylinders. The " Autocar " of the present week contained a 
very significant tendential remark, as follows : " The water-jacket 
seems to be doomed on cycle motors, by the growing practice of 
boring the cylinders out of steel." I t  was his belief that, if ever 
they were to arrive at a jacketless high-powered motor, the use of 
steel cylinders was the first and nccessary step. The importance of 
the subject led him to hope that opinions would be expressed as to 
the class of stecl best suited to the purpose. Later on he would lay 
before the members the views of one of the leading English firms, 
and also the opinion of one of the largcst continental firms. 

The third important point was the interesting problem of water. 
If ever high-powered jacketless motors were to be run, some provision 
would have to be made for the reduction of the internal temperature, 
and he suggested that possibly the economic solution of that difficulty 
lay in the use of whter. Unconsciously, perhaps, every user of 
alcohol as fuel was also adopting the use of water. 

The fourth point was one which the members might off-hand at 
once condemn, unless he indicated its close connection with the 
preceding. In spite of steel cylinders, and in spite of the application 
of water, a high-powered jacketless motor would certainly involve 
temperatures at which i t  would be unsafe to add the fuel, except a t  
the point of ignition. That W813 one of the reasons why he had 
raised the query of the expediency of carburetting at the end of the 
compression stroke. 

Fifthly, in the eventuality of which he had spoken, another 
important point was the adequate lubrication at high temperatures, 
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(Captain Longridge.) 
and he hoped that before the discussion concluded, some gentleman 
would make a useful suggestion connected with better means of 
lubrication at  such temperatures. Those were some of the paths of 
progress which appeared to him to be indicated by the facts he hsd 
recorded in the Paper; there were a great many more which he 
mould leave the members to indicate and discuss. 

With regard to the Paper itself, he was fully impressed with its 
deficiencies. One of those deficiencies of a practical nature and one 
of a more theoretical character he wished to make good at tho 
present stage, in order that they might be discussed. A great deal 
of trouble and expense had arisen from the difficulty of obtaining 
cast-iron jacketed cylinders free from porosity and blow-holes. The 
old theory of blow-hole formation in  steel and iron castings was 
based on the percentage of carbon and the casting temperature. 
But Brinell's researches, illustrated at the Paris International 
Exhibition and more recently discussed by Axel Wahlberg," showed 
that, in steel at least, those factors were of secondary importance. 
It appeared that the chief causes were the absolute and relative 
percentages of silicon, manganese, and, in some cases, of aluminium. 
While it was known that the formation of piping or cavity was the 
effect of shrinkage during solidification, blow-holes were due to the 
absorption of gases, chiefly hydrogen, nitrogen, and carbonic oxide, 
and of the subsequent dissociation and evolution of those gases in the 
process of cooling. Brine11 contended that, by the presence in  
certain proportions of one or more of the constituents mentioned, 
that defect could be prevented, and those proportions had been 
embodied in what were called '' density equations." If he (Captain 
Longridge) were returning to the foundry trade, and re-living the 
three or four years during which he pondered over the mysteries of 
the cupola, remembering with gratitude the advice he received from 
Professor Thomas Turner, the line on which he would work would 
be the determination of similar density equations for cast-iron. If 
those mere determined, the founder or the manufacturer, by previously 
arranging his analyses, could rest easy that, with ordinary precautious 

* Journal, Iron and Steel Institute, 1902, part I, page 317. 
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in  pattern-making and in founding, his castings would be free from 
blow-holes. The subject was, he thought, worth the attention of 
such automobile makers as ran their own foundries. 

The other point, of a more theoretical character, referred to 
cooling. He felt that he ought to have prefaced the section on 
cooling by some reference to the very valuable experiments made by 
Professor Burstall on the temperature of the gases to be cooled. 
On his (the author's) first examination of the figures published in the 
Second Report of the Gas-Engine Research Committee,* he was 
struck by the want of uniformity in the temperature fall ; there was 
no gradual curve, and no regular drop, but a very noticeable 
fluctuation of temperstwe. A closer investigation, however, disclosed 
two curious facts, first that the maximum fall of temperature always 
occurred practically at half-stroke, and secondly that there mas & 

certain periodicity in the fall. I t  might be remembered that 
Professor Slaby had previously noticed the half-stroke fall, and 
attributed it  to increased piston-speed. He also appeared to have 
observed irregular fall, but he (Captain Longridge) had never been 
able to see that Professor Slaby had traced it to any particular 
cause. He (the author) suggested the cause to which the irregular 
temperature fall or periodicity was to be referred was indicated by 
the following figures :- 

Point of Stroke. 
0.2 . 
0 .3  . 
0'4 . 
0 .5  . 
0.6  . 
0.7 . 
0.8 . 
0 . 9  . 

Mean Fall in 0" C. 
. . . . .  100" 
. . . .  . r O  
. . . . .  99" 
. . . . .  105" 
. . . .  . 5 B 0  
. . . .  . 7 6 0  
. . . .  . G o  
. . . . .  ,520 

" 0  

The second column represented the mean fall calculated from the 
eight columns of Professor Burstall's Plate 181 (Proceedings 1901). 
The figures showed a heavy drop of 100" C. at 0 .2  of the stroke, 
followed by a lower fall of 70°, then an increasing drop, rising from 

* Proceedings 1902, page 1031. 
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(Captain Longridge.) 
99" to 105" at  half-stroke, succeeded by a much lower fall of 58". 
Finally there was a further rise to 76" with a succeeding drop 
of 56". Something like a wave movement in the temperature fall 
was distinctly visible. That could be shown far more clearly in the 
two diagrams, Fig. 29 (page 753), which exhibited the results of 
certain single experiments. He did not like to argue from single 
experiments, because they proved his'theory much more strongly than 
the mean results did. This would be seon by comparing the diagrams 
with the columns of mean figures. As he had argued from the mean 
results of those experiments, he felt justified in suggesting a theory. 
His theory was that, when an elastic body, such as air and gas, was 
exploded within the compression chamber, a series of wave currents 
was set up, each elastic impact on the walls intensifying the loss of 
heat by conduction, and each reflex movement lessening its action, 
irrespective of internal heat changes due to the suppressed expansion 
and contraction of the gases. According to that theory, it was not 
to the difference of temperature pel. se between the gases and tho 
walls, but to the intensity and periodicity of the explosion waves 
that, in the fraction of time occupied by the stroke, the cylinder loss 
was mainly due. That also explained the lesser heat loss with weak 
charges, the explosion producing waves of less intensity aud 
frequency ; and it also, he thought, explained why in such cases high 
initial temperature did not lead to perceptibly increased cylinder 
loss, while, from the point of view of inflammation and combustion, 
such temperature was advantageous. From that theory i t  also 
followed that, at the earlier portion of the stroke, the wall loss largely 
depended on the explosion wave intensity, while during the later 
portion of the stroke it mainly depended on the cooling surface area. 

Some of the members might think that the Paper did not 
correspond with the title, and might have expected him to give 
descriptions of all the leading cars on the market. I f  he had 
announced a lecture on Mr. Balfour as Prime Minister of 1902, he 
thought they would have been disappointed if he had described Mr. 
Balfour's general appearance, because by buying a sixpenny illustrated 
society paper the subject would have been far better dealt with than 
he could have hoped to deal with it in a lecture. But the audience 
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(Captain Longridge.) 
would expect him to describe his character, to expIain the principles 
of his life, to give his political opinions, their tendency and goal. 
I t  was on the same lines that he had treated the subject of the Paper. 
He did not describe in detail the various cars because, by a very 
slight expenditure on those excellent publications The Autocar,” 
‘‘ The Motor Car Journal,” The Automotor,” and other Papers-to 
which he was largely indebted for the loan of blocks for the Paper- 
the audience could by their own fireside have got a far better idea of 
the appearance of the cars thnn he could hope to give them in the short 
time at his disposal. He had endeavoured to group together ccrtaia 
facts and details, sufficient to enable him to point out what he 
thought were the principles of the construction, and tho tendencies 
of evolution in the petrol motor car. 

Professor THOMAS TURNER said he had but few remarks to make 
in reference to the Paper, because he was interested only in the 
metallurgical aspect of the matter. He quite agreed with the author 
as to the entire unsuitability of white hematite iron for cast cylinders. 
Not only would the metal be very hard and difficult to turn, but i t  
would be extremely brittle, in addition to having the great drawback 
mentioned by the author, namely, being full of blowholes. The 
metal suggested (page 676)‘would, he felt quite sure, always run solid, 
mould be sufficiently soft that i t  could be easily cut, and would be 
quite dense and strong enough for all practical purposes. The only 
point about the analyses, to which he wished to draw attention, was 
that the silicon should be varied a little according to the thickness 
of the casting. I f  the casting ran too hard, a little more silicon 
should be put in  ; but if it  ran a little softer than was required, the 
proportion of silicon should be decreased. I n  reference to the 
amount of phosphorus mentioned, he had borne in mind the question 
of price. I t  was cheaper to use 3 per cent. of phosphorus than 4 per 
cent., and for all practical purposes they would be about equally 
good, but the phosphorus should certainly not exceed the amount 
given in the Paper. I t  would have been very iutcresting if the 
author had said something as to the quality of the steel. 
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Captain LONGRIDGE explained that he thought those who joinea 
in the discussion would speak with greater freedom, if he kept back 
the opinions of the eminent authorities which he was prcpared to 
quote at the end of the discussion. He would like to hear the 
opinions of the speakers first, and would then state what were the 
opinions of tho60 authorities. 

Professor TURNER said that in reference to steel for cylinders, 
his opinion was that if the properties desired could be obtained with 
a low carbon steel, high carbon steel should certainly not be used. 
In other words, as low carbon steel should be used as would give 
the properties desired. These properties were, in the first place, 
sufficient strength, perfect toughness, with no brittleness whatever, 
and lastly, good wear. There must be a certain amount of carbon, 
otherwise the -wesring quality was not obtained; but about 15 per 
cent. of carbon would produce everything that could be desired in a 
steel for the purpose, if it  were found in practice that a steel with so 
low a percentage of carbon more well. He was inclined to think this 
would be the case, and that therefore a higher carbon need not be used. 

Mr. FREDERIOE GROVER said that the question of the products of 
combustion had been somewhat freely brought into the Paper. I n  
connection with the experiments made some time ago, the author said 
(page 673) “Whether these observed facts are due to increased 
temperature, or to some chemical action is point open to argument.” 
He thought there were three possible explanations of those 
experiments. One was that suggested by the author, namely, the 
increased temperature, the second was the chemical action, and the 
third was the purely mechanical action due to imperfect diffusion of the 
gases. It had been thought that the results of those experiments were 
obtained, purely because the mixture in the region of the sparker was 
of a high explosive and pure character. Possibly that might have 
been so, but he thought it was very extraordinary that such an 
unstable factor as the diffusion of the gases should have produced 
such concurrent results. He should be pleased to hear other views 
on that point. 
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With regard to the diffusion, he had made an experiment which 
might be of interest and point to some practical value. He put into 
a cylinder, from the bottom, a flow of coal gas, and sampled the 
mixture at intervals of about five or ten minutes, both from the 
bottom and top of the cylinder, to ascertain what the rate of diffusion 
was. He was much struck to find that i t  required an hour and 
thirty-five minutes to  produce anything like an even diffusion of the 
gases. The cod gas lodged immediately under the top cover of the 
cylinder, and remained thore with a very slow rate of diffusion. 
With regard to the diagram, Fig. 8 (page 697), a few days ago he 
put an indicator on to a small gas-engine, and having taken out the 
drum stop of the indicator, he drove i t  at  a high constant speed of 
rotation in one direction. Then he applied the pencil of the indicator 
and took a diagram. The point he endeavoured to elucidate was, 
whether he would get B diagram on the paper anything approaching 
the diagram Fig. 8 (page 697). He was rather struck to find that, 
out of a number of diagrams so taken, he obtained several which 
exactly corresponded to the one he had drawn attention to. 

One 
was that he said (page 697) ‘‘ That a hydro-carbon, even without 
the presence of water, would in the combustion chamber decompose 
into light and heavy constituents, seems very probable.” I n  the 
experiments to which reference was made, water would have been 
present. Water was present in the cylinder, because the cylinder 
was filled with water first, the products of combustion and the charges 
then being measured in by measuring out known volumes of water, 
so that the cylinder would be damp. But in the case of the gas- 
engine to which he had just referred, the compression was somewhere 
about 80 to 100 lbs. to the square inch, and the cylinder would be 
hot and dry. There were several other points to which he would 
like to refer, but he was anxious to hear the more practical remarks 
of the other speakers. 

He wished to draw the author’s attention to two points. 

Mr. GEORGE IDEN said that, to many of the members who still 
considered that the motor-car was not a branch of mechanical 
eIigineering worthy of their time and attention, some remarks as to its 
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performance mould have been particularly intercsting, and might 
possibly have been an inducement to them to make further 
enquiries and to take a greater interest in what had, up to the 
present, been the experience of anyone connected with the industry, 
namely, that the cars were in their performances particularly 
fascinating, and provided a means of exhilarating and healthful 
enjoyment. Turning to the Paper, the first point of which was the 
type of motor, he, as one of the pioneers of the industry, could offer 
his testimony to the assistance the horizontal motor lent to th3 
designer in constructing a car on the most beautiful lines. He 
adhered to that type for three years after the Act was passed in 
England, but the experience on the Continent, and the successes 
obtained by the vertical type of motor were so great that he 
sacrificed elegance for utility, and adopted i t ;  and he had since 
found that the advantages of the vertical type of motor over the 
horizontal were very much greater than he had formerly considered 
they were, in that respect differing from the author. He had no 
desire whatever to go back to tho horizontal type. 

With regard to the explosion-between-two-piston motor, he did 
not consider that i t  was a suitable motor to put in the hands of the 
inexperienced public, at all events not in its present stage, as its 
parts mere far too complicated. He had endeavoured to dcsign and 
make his own motor cars as simple as possible, because i t  must be 
remembered that they were not placed in  the hands of mechanical 
engineers. Motor-car manufacturers had to cater for a public with 
a non-mechanical mind, and he considered that the necessary 
complications of the explosion-between-two-piston motors were too 
great for the handling of the general public. 

With regard to the impulse-every-revolution motor, one system 
of which the author had stated he had recently patented, no one 
mould watch the progress of that motor with more interest than 
himself; in  the same way, there would be no one more ready to 
take advantage of any improvements in that respect brought forward 
by any manufacturer. I t  would be of very great assistance to motor- 
car manufacturers, if more mechanical engineers could be induced to 
take such an interest in the subject, that English manufacturers 
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would be enabled to compete with their continental neighbours in 
many of the spheres of manufacture to which the author had 
alluded. The one great difficulty he had found in the impulse- 
every-revolution motor was that the exhaust valves could not 
stand the rapidity of the discharge. That brought him to the 
subject of the next point, namely, the material and methods 
of manufacture; i t  was the material of which the exhaust valve8 
were made which had such a vast controlling influence on the 
sustained power of the high-speed motor, which he had adopted in 
preference to the former slow-working type. Whereas formerly his 
motors ran at  a normal speed of 720 revolutions per minute, their 
normal speed was now 900, 1,250 and 2,000. Those speeds he 
could and did accelerate up to 1,250, 1,500 and 3,000 respectively, 
the latter being air-cooled. At the same time the speed could be 
reduced, and the motor run at 150 revolutions per minute. The 
motors were all working on the Otto cycle principle. It would be 
readily understood that if an impulse-every-revolution was given to 
motors working at such high speeds, the exhaust-valves had a very 
severe strain put upon them which, he thought, steel would not 
stand. He had tried steel of all kinds, with varying percentages of 
carbon, and had found i t  impossible to get a steel exhaust-valve to 
stand with the high-speed explosion motor. Nickel steel, with 
varying percentages of nickel, he had also tried, but he had not 
found anything, either for air or water-cooled motors, which gave 
the same power or had the same life as pure nickel. He  was now 
using nickel exclusively, with the very best results; it did not 
deteriorate, and did not stick in the seating or the guides. In a 
motor fitted with a nickel valve the power would be sustained, 
whereas if it were taken out and a steel valve substituted the motor 
immediately began to lose its power. The nickel valves lasted more 
than ten times the length of time that the steel ones did. 

As to the material for cylinders and water-jackets, the author’s 
remarks with regard to the trouble in the foundry, with the 
design of water-jacketed cylinders in cast-iron, could not be 
disputed, but by careful attention to the proportions and to the 
stays or brackets or bosses which connected the one with the other, 
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the trouble could be very considerably minimised. Moreover, while 
the cast-iron must be sufficiently fluid to run into the various 
intricate and complicated parts of the casting, a degree of hardness 
could be obtained, still allowing the metal to be sufficiently fluid, 
which would give a splendid result in working for the walls of the 
cylinder. His percentage of failures since he began to cast cylinders 
i n  the foundry that he had installed for motor-car work had not 
reached one per cent., while the failures in the castings which he 
obtained some three years ago from several different foundries varied 
from 15 to 60 per cent. He mentioned that to show the success 
which could be achieved by close attention to what, to the uninitiated, 
might appear very trifling matters, allowing for the expansion and 
contraction, the bracketing of the water-jacket to the cylinder walls, 
and by so proportioning it as to get the best results. His cylinders 
were now all cast with solid heads and cast-iron water-jackets ; and 
although he claimed to be among the Erst who adopted a light, 
separate water-jacket, having made the first one in 1897, he 
abandoned it on account of its complications, the slightest failure 
in the pump-supply causing a distortion of the steel cylinder. 
However, perhaps he did not have the proper percentage of carbon 
in  the steel. His steel cylinders were made out of solid-drawn 
tubes, such as were supplied by various tube-drawing firms in 
Birmingham, and he did not have the material analysed to ascertain 
the percentage of carbon. 

Lubrication was a very important point in steel cylinders, and 
he had so much trouble in that respect, that he was very glad to 
abandon steel and resort to cast-iron cylinders, from which he had 
had most excellent results. 

With regard to carburettors, the author rather challenged the 
carburettors now being used for the controlling of the motor. Ho 
(Mr. Iden) had found many defects in the carburettor and naturally 
set about to improve it, and had every reason to be satisfied with 
what was being used at the present time. After running somsmotors 
with this new control arrangement, about ten times the distance run 
with motors with the ordinary inspiration carburettor, and governed 
on the exhaust, he had found the cylinders were in a very much 

3 F 3  

 at University of Birmingham on June 8, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


760 OIL NOTOR CARS OF 1902. 1T OCT. 1902. 
(Ih. George Iden.) 

better condition ; the piston-rings and the cylinders mere not 
clogged, and everything was in first-class order. The motors 
mere run under exactly the same conditions, using the same 
lubricating oil. He had patented the arrangement he had 
mentioned, whereby the cylinders could be thoroughly scavenged, 
while preserving at the same time the vacuum in the vapour-supply 
pipe. Immediately the governor closed, or partially closed, the 
supply valve, it admitted a supply of air from the atmosphere 
immediately above the induction valves, first weakening the mixture 
and then closing i t  altogether, while at  the same time i t  allowed the 
required volume of air to go through the cylinder, cleaning and 
scavenging on its passage through to the exhaust pipe. 

As one of the pioneers of the industry, he wished to tender his 
thanks to the author for bringing the subject forward, and for the 
very able manner in which he had dealt with it, as he felt it  was 
quite time that more of the members of the Institution should 
interest themselves in what was proving to be one of the most 
promising industries in the world, and in which it would take but a 
very short time, at the rate of progress now being made, before more 
capital was invested in it than in railways. He appealed to thoss 
members present who were manufacturers to devote their time and 
attention to supplying motor-car manufacturers with many parts of 
the cars, which at present thcy had been unable to obtain in England. 
That was particularly the case with springs. He had tried a great 
number of springs of English makers, and regretted to say that he could 
not obtain springs from them giving so much satisfaction as those he 
obtained on the Continent. That was a matter of very great regret. 
He was very reluctant indeed to go to the Continent for springs, but 
the failure of English makers to give him a reliable article compelled 
him to go there for them. He put some English springs on cars 
which, after they had been on the road with passengers not 
more than two days, assumed a permanent deflection. He took 
the springs off, sent them back to the makers, and asked them 
if they could not provide something better. I t  was exceedingly 
expensive to put fresh springs on, to get his blacksmith to temper 
another plate and to put i t  in and strengthen it up. At the same 
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time he know that the springs were more than strong enough to 
carry the load which he had designed the motor car to carry. He 
went to the Continent, ordered a spring of a lighter section than the 
one he had designed, and he found i t  carried a heavier load, was 
more resilient and never took a permanent deflection of more than 

He appealed to those who were 
interested i n  that industry to see to it whether they could not beat 
the continental makers in that respect. Without wishing to take any 
honour for himself, he could say that the motor-car designers in 
England had, within a very short time, already wrested some of the 
laurels from the Continent, and hoped to wrest still more. The 
English makers could now hold their own, and hoped shortly to be 
able to supply the Continent instead of the Continent supplying them. 

With respect to electric ignition, neither accumulators nor coils- 
particularly the latter-could be obtained in England, until quite 
recently, as satisfactory as those that could be obtained on the 
Continent. The one he was now using mas of French make that 
would give over 3,000 vibrations per minute, without failing. This 
was the Guinet-Carpentier design, and he was given to understand 
that it was now being made in England. Until the English 
electricians could succeed in getting over 3,000 vibrations per minute, 
these coils were useless for the high-speed motors for cars. 

The double-acting compound brake that he applied two years ago 
was working quite satisfactorily, and left nothing to  be dcsired. 

to 4 inch on a %foot spring. 

D~scussion on 31st OctoBev 1902. 
Mr. W.'WORBY BEAUMONT said he thought all members must thank 

Captain Longridge for his Paper, and although all might not agree 
with him in everything he said, one could certainly sympatliise with 
him in some of his aspirations. His Paper was on Oil Motor Cars 
of 1902, and in order to take the wind out of one's sails with regard 
to  the badness of the title, the author said something at the previous 
Neeting about some one who was to lecture upon Mr. Balfour, and 
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who took a great deal of time in describing his hat or his boots 
(page 752). He, Mr. Beaumont, thought some of the members 
would have liked to have heard, as well as the opinions with regard 
to Mr. Balfour as the motor, something about the hat and the boots 
as the motor car. 

Turning to the motor, the first part of Captain Longridge’s 
Paper dealt with what one must call suggestions with regard to the 
construction of a motor, such as he thought might possibly secure 
several things which had not at present been arrived at, that which 
he aimed at most being an approach to the equal turning possible to  
attain with a steam-engine as compared with the internal-combustion 
engine. In attempting to arrive at  that, the author had made a 
great many remarks on forms of gas-engines which had been made, 
forms which had been proposed, and forms which had been 
experimented with to a very cqnsiderable extent, though none of 
them had survived the experimental stage. 

I n  the early part of the Paper, however, the author made remarks 
with regard to the vertical versus the horizontal engine, and pointed 
out that in America by far the larger proportion of the engines used 
were of the horizontal form (page 670), and he thought that Europe 
was likely to follow suit. I n  this country and in France he, Mr. 
Beaumont, thought one might admit that there was something 
of the nature of fashion on that point; at all events, there did 
not seem to be any reason why, so far as the engine alone was 
concerned, the horizontal engine should not perform as well as the 
vertical engine, which was by far the most popular. As one well 
knew, the horizontal form in oil-engines and gas-engines was 
almost universal, so far as the construction in England was 
concerned, and also he might say a large proportion of those in 
France. But the vertical form had in recent months almost become 
the favourite with those who were constructing the higher speed 
engines for motor cars. In the motor vehicle, however, it really 
did not seem so much a question of the one or the other, as a 
question of convenience of working the engine in to suit the 
construction, not only of the motor but of gearing and numerow 
other things which had to be considered in working out a design- 
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the complete design. He did not think Captain Longridge would 
be followed in the expectation that Europe would follow suit; 
because convenience as to construction and access for a large 
proportion of all the high-speed long-distance vehicles likely to 
be made would still indicate that the vertical form was the more 
likely to be generally used. 

For small powers or for larger powers it might be found, especially 
on very long non-stop full-power runs, that cylinder lubrication, 
with present knowledge, mould be more certain with the vertical 
than with the horizontal engine ; but this objection, if it  existed, was 
certainly of no importance, for horizontal engines ran perfectly well, 
and the lubrication could be and was completely satisfactory for all 
ordinary lengths of run. When the horizontal cngine lent itself to 
suitable arrangements of gearing and of car, dictated more or less by 
questions othar than simply choice of vertical or horizontal position, 
there were no valid objections to the latter. 

Whcn the author spoke of the motor itself, of the arrangements 
with regard to valve-gear, and as to certain things which would 
secure more economical results, one could not help feeling that those 
matters must be considered not simply with reference to the 
most economical engine, but with reference to the application of 
the engine. I n  many cases i t  would be better to use the simplest 
possible form, though not the most economical. It would be not 
only better, but it was almost impossible, to use any of the other 
more complicated forms of engines until one came to the larger 
powers. As far as one could see at present, i t  certainly did appear 
that for the smaller powers some loss in economy for great gain in 
simplicity would be the consideration which would settle the 
selection of the particular engine. But when one came to the form 
of engine which i t  might be assumed Captain Longridge proposed, 
one found an absence of drawings, and one was compelled to admit 
that, so far as the outline description was concerned, there did not 
appear to be any noteworthy departure from the dcsigns of numerous 
gas- and oil-engine inventors. In fact, Captain Longridge himself 
referred to numerous designs, which had approached more or lem to 
that which he seemed to describe in his outline. I t  seemed 8 pity 
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that the author had not thought it worth while to supply some 
drasing, even though they might be only diagrams, showing the 
sort of engine which he proposed to take the place of all the others 
that were at present running. Briefly, Captain Longridge proposed 
one of what might be called the displacer engines ; in other words, 
he proposed to use the front or the outer end of the cylinder-that 
which was usually open-as an air-pump, and to pass the air which 
he received and compressed, to a small extent, round to the working 
cnd of the cylinder of the other half of his engine. The author said 
that he must in that necessarily leave a certain amount of tho 
residue of the combustion during the previous stroke ; and he then 
prcceeded to find a virtue in necessity, and quoted certain 
experiments to show that remnant gases might not only produce no 
harm, but in some cases might be really useful. Captain Longridge 
quoted certain experiments. I t  might happen with regard to a 
particular engine speed and compression, that conditions could be 
obtained which might usefully, or without loss, employ a certain 
amount of residue in the cylinder; or at all events one might be 
careless as to the completeness with which those burnt gases were 
swept out. But surely all recent experience and experiments, on 
what might be called a commercial scale, had shown that the more 
completely the residuum was swept out by one or other of the 
several means now successfully used, the more economical was the 
working of the engine ; and the best results had been obtained when 
the residuum had been swept out not by separate pumps and other 
complications, but swept out as far as possible without any of those. 
For instance, there were those described some time since by Mr. 
Atkinson, and some others who followed in the discussion of Mr. 
Dugald Clerk's Paper." 

Coming to the next point, one must admit that the greater number 
of impulses, which Captain Longridge proposed to obtain, was 
extremely desirable. He did not say the author would not be able 
to arrive at it-he thought it likely that ultimately he might-but 

~ 

* Proceedings, Institution o f  CiviI Engineers, 1895-96, vol. cxxiv, page 101 
4t seq. 
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at present at all events one had to consider the practical motor and 
vehicle, the whole combination. They could have four-cylinder 
motors with very little, if any, more complication than a motor with 
two cylinders on the arrangements such as those proposed. The 
question arose as to which, after all, was the better : the four-cylinder 
engine, or the two-cylinder engine with an equal number of impulses 
and the arrangements which have been described. One could run a 
four-cylinder engine with four or three of its cylinders, with two or 
even one of its cylinders working. With the arrangements proposed, 
one might happen upon those very conditions which ordinarily would 
prevent two oiit of all four of the cylinders working, and these 
conditions might put one or both of the author’s two cylinders with 
the compressor or displacer out of operation. So that, taken with 
what was known to be the little things which happened occasionally 
with ignition arrangements, valves, valve tappets, springs, etc., it  was 
questionable at present whether the simple form of four-cylinder 
engine would not be preferable to the two-cylinder engine with the 
displacer and pump arrangements, especially as one had not yet got 
the engine which Csptain Longridge proposed, and as one did know 
that the results of numerous experiments, with not only oil-engines 
but with gas-engines, had not been encouraging in that particular 
direction. In  speaking of gas-engines, he began with his own 
experience, which went back to 1870, when he Was engaged in the 
construction of the Lenoir gas-engine, and he had more or less 
followed out such matters from that time; and he took some interest 
in motor vehicles. Therefore it might be assumed that he was 
interested in finding anything which would really be an improvement. 
I t  was not mere adverse criticism on the Paper which led him to 
attempt to point out some of the conclusions whi6h one was likely to 
arrive at, after reading what the author had written. 

After dealing with his suggestions with regard to the engine, the 
author said (page 674), ‘‘ In  the matter of piston speed, this year’s 
engines show a general return to the earlier speeds given by 700 to 
800 revolutions per minute normal running.” That was on a point 
which affected tho loss of powers, and the possible or probable 
occasional difficulties with these motors, but it was not a question of 
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piston speed ; the trouble was the number of times that the direction 
of motion of the piston was changed, or, in other words, the number of 
revolutions per minute. I f  one could use a higher piston-speed to 
get down to the lower revolutions per minute without any 
disadvantages, a good deal could be accomplished ; but, as Captain 
Longridge pointed out, a lower speed meant a larger cylinder, more 
weight, and so forth. From that the author was led to questions of 
construction of the cylinder. He referred to the steel cylinder and 
the light jacket, and in fact pointed to various constructions which 
had been adopted, not alone by those he mentioned, but by others. 
He  believed Mr. Roots was ono of the first to use such a thin cover 
for s jacket, and Colonel Holden was earlier than the name 
mentioned. Then there was Pennington who also used steel cylinders, 
and found a thin jacket was useful. He, Mr. Beaumont, did not 
think any of the makers of cylinders, either for oil-engines or for 
gas-engines, had ever tried to us0 white hematite in the foundry for 
casting them. As far as he himself knew, white hematite might be 
very useful for making puddle-bars or for making castings for 
malleable ironwork, but unless one was ready to see them go to 
pieces like glass, and produced by very costly processes, he did not 
think white hematite was likely to be of very much use. 

There were several parts of the Paper in which the author 
touched upon questions, which had not formerly been but were now 
fully appreciated by a great many makers. For instance, the author 
referred (page 681) to the position selected for the valves. Not only 
did one fina the valves occasionally placed so that the cutting 
and the side pressures to which he referred obtained, but one found 
also that the arrangements of the exhaust and the admission ports 
were even worse than he suggested in two or three parts of the 
Paper; but recent makers did not commit these errors. 

There were many points to which he would like to refer, among 
other things as to cars, but as the Payer was chiefly upon motors, and 
there was really very little said about cars, and cspecially as the 
President had announced that several gentlemen were expected to 
speak on the matter, he mould shortly conclude his remarks. The 
author (page G90), speaking of the motor, thought that on the whole, 
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“for petrol at least, a good deal more stress is laid on pre-mixing 
than need be, and that carburation at  the end of the stroke, 
inasmuch as i t  admits the use of higher compressions and has another 
important advantsge, is probably as good if not better and more 
economical than the more ordinary method.” That wag after other 
remarks with regard to compression, and the defects which were 
assumed with regard to the existing motor. I t  was not quite true 
to say that, with the arrangement referred to on the page quoted, 
a higher compression within a range of useful compression could 
be obtained better by the author than by others commonly used. In 
fact, at the present time very high compression pressures were 
being used, and in ordinary working the temperatures were not 
sufficient to bring about early or pre-ignition, while fbr all ordinary 
working the use of the now universal electrical arrangements for 
ignition made it almost impossible that the period of ignition should 
be any trouble whatever. He might certainly say that, with the 
most recent engines, there was no trouble whatever in that direction. 
For the motor car, practical questions of a different order dictated 
more or less a limit to compression. 

With regard to the formation of either a gas or a vapour, the 
author would be interested if he consulted not only those authorities 
whom he had quoted, but also the specifications of Smyer, 1885, and 
of Dr. Schiltz, 1885, who pointed out,* though he was too early for the 
modern development of the oil- and gas-engine, that the finely-made 
spray was more easily combustible than the oil gas. Schiltz not 
only pointed that out, but also why it was, and gave illustrations of 
his methods of arriving at a practical result. I n  conclusion, he 
expressed his regret that Captain Longridge had not taken more 
advantage of the position to which he referred in the company in 
which he was interested, and told the members something more 
about Oil Motor Cars of 1902. 

Mr. E. J. CEAYBERS wished to add his mced of praise to the 
author for his very able and suggestive Paper. If he himself were 

* “ Motor Vehicles and Motors,” pages 321-327. 
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a manufacturer of motor cars-and he was seriously thinking of 
taking the subject up-he would be very grateful for what Captain 
Longridge had written. He thoroughly endorsed the idea thrown 
out by the author, that the Council in its wisdom might appoint a 
Committee, which i t  was quite possible might run on all fours with 
the Gas-Engine Research Committee? to inquire into the powers of 
explosive mixtures for motor cars. But that Committee must be 
particularly careful not to trespass on the field now legitimately 
occupied by the manufacturers of cars and engineers in general; 
and it must also be very careful, for fear of bringing a hornet’s nest 
around its ears, not to pass judgment on the multitudinous 
suggestions as to design and materials made by various makers. I t  
seemed to him’that therc was a great likelihood of the question of 
motor cars getting, if not on to the wrong line, at any rate on to a 

main line, without any idea that there were any sidings. As a 
matter of fact, the travelling public wanted two kinds of cars. 
One was what he should call the “car de luxe,” which was 
guaranteed to go at B very much greater speed than by law 
established. That seemed to be the idea of a great many of tboir 
friends who were very wealthy. Such cars cost anything above 
S400. If he might hazard a guess-no doubt he would be put right 
by the motor-cars manufacturers who were present in large numbers- 
&he building of those cars was not very remunerative, at any rate 
very big dividends were not declared by the companies that were 
building them, and he was looking for those dividends. 

But there was another kind of car, which was absolutely wanted 
in very large numbers for doctors and for business men. Such cars 
were required to run 5,10, 15, or 20 miles a day in town or country, 
and at a speed not exceeding 12 or 14 miles an hour on the level. 
The car must be a simple one, which should not cost more than 2200 
or 2,250, nor weigh more than 12 to 14 or 15 cwts., carry two people 
with a bit of luggage, or three people without the luggage, and that 
would not get out of order about every 25 minutes. Such ti car 
would find a large sale in this country. I t  must also be remembered 
that such a car needed standardizing. I t  must not be built in the 
haphazard Eort of way that many motor-car zmktrs were kuilding 
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their cars a t  the present time. I t  seemed to him that some of the 
motor-car builders built their cars in order to sell their spare 
parts. He paid 514 the other day for a spare part, and 
he had to send the money before he could get it, although his 
credit was pretty good in the Midlands. He was glad to say that 
when the spare part arrived, i t  fitted and worked, but 514 for  a spare 
part was too much. Another spare part having gone wrong, he 
wrote asking its price. The manufacturers were a long time in 
answering, but eventually wrote saying the part was 50s. 
Meanwhile, wanting to use the car, he started it without the spare 
part, and i t  had gone better ever since. I t  was one of two valves- 
a magnificent thing-regulating the flow of the petrol to the burners. 
He got rid of it, and attached an ordinary pipe from the little stop- 
tap arrangement, and it went all right. Within three minutes of the 
time that he walked up to the car and struck a match, he could back 
the car out and start on his journey. 

He had not used electric ignition yet, but he was told it was 8 

very good thing. A friend of his said to him, ‘( I have electric 
ignition ; you wght to have it too.” He ascertained that it cost S25. 
The next time ho saw his friend he inquired how the car was going, 
and his friend replied that he would not advise him to bother with 
the electric ignition. The car he had in view ought to be built at a 
cost of uot more than S200 or S250, and should be built on the 
latest plans. Motor-car makers should make the car as simple as 
they could; they must not bother about Captain Longridge and 
other gentlemen who were settling in their minds which was the 
theoretically best engine. As the last speaker had said, i t  was not 
always the most economical engine that was the best suited for a 
motor-car. The car should be run day and night for three months to 
settle that it was the right kind of car to build. Then 500 of such 
cars should be put down and built right away, and nobody should be 
allowed to have one of the cars until the 500 were completed. When 
that number had been disposed of then the manufacturer could start 
with his next series of 500. I f  the cars were not standardized and 
if the spare parts were not sold at a reasonable price, the motor-car 
manufacturers would richly deserve what a great many of their friends 
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already obtained when they did not deserve it, namely, the gibes and 
sneers of American and German engineers because they were “ back 
numbers.” English motor-car manufacturers knew how to build 
ears, and there was an enormous demand for such cars, but the users 
must be given some confidence in them. He hoped the Council 
would not only look after legislation with regard to motor cars, but 
look after the development of the science of the cars. While the 
makers were making engines for present-day use, and while they 
were preventing the horses starving while the grass was growing, the 
manufacturers would be getting ready for the next 500 series. 

Professor F. W. BIJRSTALL said the remarks he had to offer were 
not those of a motor-car expert. He  might almost say with the last 
speaker that he was getting shy of being considered as a motor-car 
expert. That generally meant his friends asking him to go out for 
rides with them, and if anything went wrong he was expected to put 
i t  straight in a moment, and that was not altogether easy if the car 
happened to be badly broken down. Mr. Beaumont’s statement, that 
a practically perfect electric ignition had been obtained, had struck 
him as being very remarkable. He himself did a good deal of 
motor-car work, and whenever anything went wrong he always looked 
to the igniter, and in about 70 per cent. of the cases he found i t  was 
the igniter that was giving the trouble. He did not say that there 
were not certain cars-there were several-in which it was very rare 
t o  get trouble with the igniter, but at best it  was a troublesome thing. 
He had had a good many years’ experience of igniters for gas-engines, 
and knew they required very careful watching. Those makers in 
this country who were putting on electric igniters for large power 
gas-engines put the igniters in duplicate ; one could be drawn while 
the engine was running, and repaired and put back again while the 
second igniter was in use. If the system were perfect, it  followed as 
a matter of course that twin igniters would not be provided. They 
gave a considerable amount of troublc. With regard to the best 
form, he thought there mas no doubt that the magneto, that is, a 
revolving armature free from batteries of any kind and producing 
what he might call a short, stout spark which was as necessary for 
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the petrol motor as for any other. The coil, worked with a few 
secondary batteries, was not altogether satisfactory ; i t  would 
probably ignite 95 per cent. of the charges, leaving the remaining 
5 per cent. unignited. That of course was a matter of very small 
importance ; in motor cars it did not matter if a few charges missed 
ignition, unless a hill was being climbed. The subject of ignition 
needed to be very carefully considered, and if it could be dispensed 
with he thought i t  was worth a good deal of trouble to do it. Tho 
author had proposed a certain cycle engine, in which he intended 
as far as possible to effect the ignition by either hot surfaces, which 
he (Professor Burstall) thought was a very good plan, such as in the 
Hornsby engine, or by another system which was just coming into 
use in this country in another form-the Diesel method. The 
objection to the Diesel method, in the form in which i t  at  present 
existed, arose from the enormously high compression that had to be 
used. When working with heavy oils, Diesel, in order to  explode his 
charge spontaneously, had to compress to 600 lbs. per square inch. 
Probably withlpetrol the compression might be halved, but then i t  
would be 300 or 200. He did not know, and as far as he knew 
nobody knew, very much about petrol and its actual working. He 
thought probably Professor Robinson would be able to say more 
about that subject than he (Professor Burstall) could, because 
Professor Robinson had experimented to a considerable extent with 
petrol in oil-engines. 

He liked the engines the author mentioned very well in all but 
one detail, namely, the question of keeping a proportion of the 
exhaust product to mix with the incoming charge. Mr. Beaumont 
very rightly said that experience had shown that that was bad from 
an  economy point of view, but he did not state why i t  was bad. The 

, reason as far as he could see-and he believed it was admitted-was 
that 8 sufficient volume of charge coming into the cylinder was not 
obtained. If there was a half cylinder full of exhaust product and 
khey proceeded to draw in air, quite apart from the jet of petrol that 
would be involved, the heat of the exhaust product-heated up the 
air, and a very small weight of air was obtained in the cylinder, and 
that they did not want to get. For economy in any kind of internal- 
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combustion engine, it was necessary to follow out the arrangement of 
the original inventor of the so-called Otto cycle, that is, the maximum 
weight of charge in a given volume of cylinder, and to do that the 
temperature of the cylinder and the temperature of the drawn-in air 
must be kcpt as low as possible. For that reason there was no doubt 
that the cylinder walls, the piston, and every part must, if possible, 
be kept cool. 

Experience in gas-engines had shown the necessity for water- 
jacketing the piston, and for using a positive scavenger charge. He 
did not mean by that, some method of scavenging which Was 
independent of a pump or some such form, but a positive scavenger 
charge such as several of the large gas-engine makers were now putting 
in. The Westinghouse Co. were putting i t  in their new 3,000 H.P. 
engine that W&6 being built at Pittsburg, and a number of other 
makers were putting in similar contrivances. The effect of the 
scavenger charge was not to get rid of the burnt products because 
they were injurious to themselves, but because they were hot. F o r  
that reason he very much feared that Captain Longridge’s engincs 
would not be specially economical. Whether that was a matter of 
importance or not he did not know. If it  was not important-and 
he should think i t  was not of great importance-then the engine 
would be very successful. 

He ventured to suggest, however, that there was another 
alternative which gas-engine makers also were beginning to view 
with a favourable eye, namely, the introduction of the double action. 
I t  had not proved very successful until recently, but now there were 
several large engines running which were double acting, and he did 
not see why the little quick-revolution engine should not run double 
acting, and if any trouble arose with the bearings the principle of 
forced lubrication could be adopted, if it  was worth trying. Double 
action would give an impulse per rerolution on the Otto cycle. He 
was cordially with Captain Longridge in his remarks as to the 
design of the average motor used for motor cars ; they did not seem 
to him to be designed in the best possible way. No doubt there were 
difficulties of space, weight and other things, but living as he did in 
one of the centres of motor manufacturing, he was often struck with 
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the extraordinary trouble which some makers took to provide 
elaborate castings and elaborate machining, all of which was 
extremely expensive. The simple forms of steel tubes, light valves, 
and so on, could all be adopted, and while of course he did not 
pretend to wish to teach motor-car manufacturers their business, 
because no doubt they knew it better than he did, the cars seemed 
very complicated in the matter of mechanical details. 

One other point might be of importance, namely, the growing 
tendency on the part of gas-engine makers to put thcir valves in the 
back end, that is, to use a flat cover, and to work the valves in that. 
Not very long ago in the Institution he was called to order on that 
point by some gas-engine makers," who said i t  wa5 utterly 
impracticable, but i t  was now the standard design for engines above 
500 B.P. by the best firm of gas-engine makers in the country. He 
knew the design was extremeIy good. He had seen a 750-H.P. 
engine running with it, and had been shown the drawings of a 
1,500-H.P. engine with the valves in the back. He thought the 
motor-car people might bear in mind that they might simplify their 
admission and exhaust valves by placing them in the cov~rs, an 
arrangement which was of course essential in a double-acting engine. 

The subject of fuel was one on which he would like to say a 
few words. I t  was worth considering whether petrol was the best 
material, and whether alcohol was not really a better snbstance for 
driving oil-engines. Dealing with the question of oil-engines, it  
must be noticed that in all petrol and oil motors, the ratio of the 
mean pressure to the maximum was much smaller than i t  was with 
gas-engines. That was an extremely difficult thing to understand, 
and he confessed he had puzzled over it, and tried to account for it 
in several ways. If one took an oil-engine having a.compression of 
70 and a maximum of 250 lbs., a mean pressure of something like 
60 lbs. would probably be obtained, whereas i f i t  wvds gas with exactly 
the same amount of heat poured into the cylinder, instead of 60, most 
likely 85 or 90 lbs. would be obtained. The probablc reason he 
thought was due to a fact, which he had never obtained in a gas- 

* rrooeedings 1901, page 1132. 
3 0  
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engine, namely, that the oil was not cntirely burnt. TTe was afraid 
that in all oil-engines the atomised jet of oil only partially burned 
or that only some of its constituents burned. Petroleum or alcohol, 
or any such substances, were formed of complex hydro-carbons. 
Some of those hydro-carbons might burn at once ; others might burn 
later, and apparently a good many of them did not burn at all, but 
passed out unburned into the exhaust. That was probably one 
explanation of the lack of efficiency of oil-engines as compared 
with gas-engines. 

Turning to the Diesel motor, which was very interesting as 
bearing on Captain Longridge’s own work, Diesel obtained a thermal 
eficiency, that is, the ratio of the heat of the oil to the horse-power 
of his engine, of about 38 per cent.-it was a little more with the 
larger engines-with a compression of 600 lbs. The engine at 
present holding the record, one of the Premier Co.’s engines, 
obtained with a compression of 105 Ibs. a thermal efficiency of 
38 per cent. The reason Diesel obtained such a high efficiency was 
simply because of his enormous compression, and not necessarily that 
he burnt the whalc of his oil completely. I n  conclusion, he wished 
to congratulate the author on having produced a Paper dealing with 
the motor-car subject and its motors all round, and he thought such a 

Paper could only do good by making them all think of the numerous 
improvements that still remained t o  be made. 

Mr. CHARLES T. CROWDEN said he feared he had little to say Gn 

the matter, as Mr. Beaumont and several other speakers had 
anticipated some of the remarks he had intended to makc. To deal 
with the subject of motor cars in one Paper, as Captain Longridge had 
tried to do, appeared to him to be attempting to cover far too wide a 
field for one Paper, particnlarly as i t  dealt with not only motors, but 
also gearing and carriage-building. T o  his, Mr. Crowden’s, mind it 
was quite a simple matter for any ordinary engineer to conAtruct D 

high-speed motor, whether i t  be steam, oil, or electric, and any 
capable engineer could construct transmission gear, but few 
engineers, unless they had had some experience in carriage-building 
could design suitable motor vehicles. Few engineers had cxperiencc 
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in wheels, axles, and springs, and most of them, if they had been 
railway engineers, introduced horn plates and axle-boxes into their 
designs. To construct a motor carriage as a whole, the motor, 
gearing, and the carriago work, making i t  into a successful machine, 
became a very difficult problem to solve, although individually each 
engine, gearing, and carriage, could be made snccessfully independent 
of the other. In  a motor carriage not only did one require rigidity, 
but also a great deal of flexibility. If the carriage mere made too 
rigid, then, in passing over unevennesses of the road, the machine 
bearings bound and made going hard, and altogether rendered the 
ctlrriage very unsuccessful. One required rather more to imitate the 
American practice of locomotive building, and to make the engines 
flexible, more like a basket, so that they mould take up inequalities 
of the road without binding the bearings. Carriage-builders were of 
very little or no assistance to the motor engineer, except in the case 
of making the bodies, and he was afraid that in a few years the 
assistance of the cttrriage-builder for motors would not be required 
a t  all, because bodies would soon be made entirely of metal, and 
there would scarcely be any woodwork at  all about the motor car. 
In  the case of petrol cars one heard of fires, so that the less woodwork 
was put into them the better in that respect. Carriage-builders in 
their art werc practically at a standstill ; they had made little or no 
advance during the last forty or fifty years. Most of the carriage- 
builders of today would state that i t  was impossible to make an 
axle-box to interchange from one axle arm to the other. Only a short 
time ago he visited a lsrge axle works in the Midlands, the 
proprietors of which professed to be the best people and the largcst 
firm in the trade. Yet not one of their axle-boxes would interchange 
with one another. In the carriage trade scarcely any advantage had 
been taken of the use of mild steel, and the axle arms were turned in 
rude lathes, usually by boys, and they were far from being round 
after they were turned. The axles were then case-hardened, and the 
chilled box was let on by a process of grinding with emery, the 
boxcs being marked to each individual axle-arm; if one did not 
know, the right wheel could not be made to fit any but the right 
carriage axle-arm. 

3 G 3  
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Great trouble had been experienced in this country by motor-car 
builders in getting springs and axles, and consequently a large 
quantity were being imported from France and Belgium. One was 
constantly told that proper springs and axles for motor work could 
not be obtained in this country, even at the present time. He feared 
that the axles and arms now supplied in this country for motor cars 
were not well enough made, or at all events, Rot for that particular 
work. 

He agreed with the author that, unless the motor cylinders were 
water-cooled, they would not be satisfactory ; air-cooled cylinders 
were not suitable for motor-car work, unless the cylinder and head 
had a water-jacket. Moreover, not only did an internal-combustion 
engine require a water-jacket, but it also required the piston to be 
water-jacketed as well. No doubt the head of the piston; while the 
motor was running, was in a state of incandescence, and caused a 
great number of back explosions and irregularities, which were 
not understood when they happened. He considered that motors 
making 400 to 600 revolutions per minute were far more satisfactory 
than engines of higher speeds. Nr. Iden spoke of motor engines 
running 3,000 and 4,000 revolutions per minute with air-cooled 
cylinders (page 758), and the only difficulty he had with those 
motors was that the exhaust valves would not stand. He tiaid he 
had also tried every metal available, and yet the exhaust valve burnt, 
out and would not last. He Waf4 of opinion that such engines could 
not be much improved ; they might be suitable for such things as 
Santos Dumont’s airships, but mere unsuited at present for motor-car 
work. With regard to double-acting engines, such as the Atkinsoo 
and the Koch, kc., having two pistons working in one cylinder, the 
moving parts of those engines were usually so heavy that they could 
not be well balanced, and they were not suitable for high speeds, 
although the advantage of using one sparking plug and one set of 

valves was greatly in their favour. 
With regard to the question a6 to whether the engines of motor 

cars should be vertical or horizontal, he had constructed many cars 
having engines fitted both ways, and, if anything, he preferred the 
horizmtal one, cspecially when the engine was constructed at an 
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equal distance from the centre line of the car; that is, taking the 
centre line of the frame, the engine was not poked into one corner, 
but placed with the fly-wheel on the centre line, the engine revolving 
in the same direction in which the car travelled. If one took a 
light cycle wheel in one's hand, and made a few revolutions with it, 
and while revolving attempted to divert i t  from its vertical or 
borieontal path, one found a great deal of resistance. He found that 
hy putting a fly-wheel in the centre and working at 800 or 900 
revolutions, that it steadied the car and it could be steered with a 
band tiller-rod, even when going at  very high speeds, and i t  was 
almost impossible to throw the car over. Most makers, especially 

FIG. 30. 
Cylinder Head and Cylinder 

showing independent 
N'ater Circzilntiori. 

those using horizontal engines, put the engine in one corner of the 
frame and the gearing in  another, and consequently the whole 
motor car wobbled about sideways. For very light motors he had 
used for many years steel-tube cylinders with very great success. 
But for steel cylinders he had always used cast-iron pistons and 
cast-iron rings ; and he had also tried phosphor-bronze rings with 
success. The steel cylinders were provided with a water-jacket in 
rather a novel manner, Fig. 30. He placed the cylinder into the water 
tank which formed a ready jacket. The valve-box mas bolted to the 
back of the cylinder with a scraped joint, and there were separate pipes 
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connecting the water-jacket of the valve-box to the tanlr, and the 
whole thing circulated itself by its own heat, the pump circulating 
water through the condenser only. Under that system i t  was 
impossible for any water to leak into the cylinders. The same 
system could be introduced in the case of cast cylinders and water- 
jackets. Cast cylinders were much more easily made this way, and 
were less costly for renewal. The system of independent water- 
cooling of the heads was patented by him many years ago, and had 
been since copied by many other makers. 

With regard to transmission gear for large cars, thc system of 
the differential countershaft and side chains was to be preferred to 
a differential main axle. The use of gear wheels and friction 
clutches was very costly, both in up-keep and in first cost ; and he 
thought a belt with fast-and-loose pullcy made a very cheap friction 
clutch, and seemed to be more efficient than many of the so-called 
friction clutches which were advertised. I f  belts were fitted to a 
car with proper tools, using a fast-and-loose pulley with Dick belts, 
no trouble whatever would be caused by the wet. Such machines 
would work with more efficiency than the present cars fitted with the 
Panhard or other typcs of gear. Captain Longridge referred to 
injecting water into the motor cylinder (page 715), and he, 
Mr. Crowden, \Tished to point out that that mas tried many years 
ago by Louis Simon, of Nottingham, who attempted to utilize the 
heat that was lost due to the water-jacket. I le  considered that 
lamp-ignition was a most dangerous method, and the apparatus for 
i t  ought to be taken off any car fitted with it at the present time. 
In the event of an accident it vas very liablo to fire the wholc car, 
while with electric ignition there was very little danger on that 
more. IJe much preferred the high-tension spark, with coil and 
batteries to the low-tension spark with internal contact-breaker. A 
few weeks ago he had had a bitter experience with that type of 
sparking on an engine which was burning ordinary petroleum. 

Professor WILLIAX ROBINSON wished to join in thanking Captain 
Longridge for his elaborate and suggestive Paper, dealing with L 
great many points of importance to all interested in oil motor cars. 
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He thought i t  was teeming with questions for discussion, but time 
would only allow him to touch upon a few outstanding points on 
oil-motors. He agreed with the author when he advocated positive 
feed, which gave the means of exact measurement and control of the 
charge. 

On page 691 the author mentioned the lack of information 
regarding explosions of petrol mixtures. He (Professor Robinson) 
quoted from his recent work* experiments that Mr. E. C. Oliver 
had carried out, and gave the results and diagrams showing the 
pressures obtained by the explosion of various mixtures of gasoline 
and air at constant volume in a cylinder. Records were also given 
of the time of explosion and the cooling effect of mixtures with and 
without residual products of combustion. These showed clearly 
that lower explosion pressures were produced with residuum present 
than with a fresh pure mixture. Dilution of the charge with burnt 
products reduced the maximum pressure, and retarded the 
inffammation and cooling. There was one remarkable point about 
the curves, which indicated that, as the compression of the mixtures 
before ignition was increased from about 30 up to 65 lbs. on the 
square inch, the maximum explosion pressure of a mixture that 
contained residuum rose more rapidly, but was lower than that of 
the pure charge. 

He thought the author would agree that such results were 
certainly more applicable to oil motors than those from coal-gas 
quoted in  the Paper (page 673). I n  the latter the mixtures of cod- 
gas and air were measured and fired over water in a wet cylinder, 
which must have taken up a considerable part of the heat of 
combustion, and undoubtedly had an eEect upon the resulting 
pressure, in fact made the conditions quite different from those that 
obtained in a practical engine. Water gave trouble in a gas-engine 
cylinder. Besides, some of the results and conclusions (page 673) did 
not agree with the best gas-engipe practice, which showed that 
higher pressures were obtained with pure charges than when these 
were diluted with residual products. 

* ‘‘ GRS and Petroleum Engines,’’ 2nd Edition. 1902, page 910. 
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The action of water mas different in the petroleum engine. He 
had tried in a 10-brake H.P. Priestman engine the injection of a few 
drops of water with each charge into the combustion chamber. 
The hard metallic knock or sound heard with the explosion at full 
load was immediately reduced to an occasional dull thud. Then 
the engine ran steadier, cooler, and gave more satisfactory results 
with American Royal Daylight petroleum. However, above a certain 
limit too much water in  the cylinder caused irregular and unreliable 
ignition by the electric spark, which in fact soon failed to fire the 
charge, so that the engine eventually stopped. Water was not a 
fuel, but by absorbing heat and forming vapour gave a more uniform 
pressure throughout the explnsion stroke. 

He had read with surprise (page 737) that the author doubted 
the possibility of the automatic ignition of a petrol mixture under 
any temperature attainable in a water-cooled motor. He tested 
the question again by an experiment with a 5-brake H.P. Rornsby- 
Akroyd water-cooled engine, having the vaporiser also partially 
water-cooled and adjusted to work on Russolene. The engine had 
been running steadily and well in the forenoon on Russolene. 
Without making anr  adjustment or alteration whatever, the supply 
pipe was simply joined to a vessel containing petrol of specific 
gravity 0,680 obtained from Messrs. Carless, Cnpel and Leonnard. 
The vaporiser was heated in the ordins.ry way by a coil lamp for 
ten or twelve minutes, and the engine was started quite easily. A 
load was put on the brake wheel, and the heating lamp removed for 
a preliminary run of about an hour. The engine was allowed to 
cool down during the dinner hour, and the vaporiser was heated 
again in  the afternoon. He then made a trial of an hour on the 
brake. The engine ran steadily at 200 revolutions per minute, 
end the indicator diagrams (A) and (B), Fig. 31 (page 781), taken 
every five minutes showed that compression of the petrol mixture 
to 70 lba. per square inch produced regular automatic ignition of the 
charge, giving an explosion pressure of about 160 lbs. per square 
inch. With compression of 65 to 68 lbs. per square inch the 
automatic ignition was somewhat retarded, diagram (O) ,  but steadily 
improved as a greater load was applied by the brake, and the heavier 
charges admitted gave liigber compreesion. 

(Professor William Rotinson.; 
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FIG. 31. 

Indicator Diagrams froni a 5-Brake H.P. Hornsby-Akroyd Water-cooled Eiigine 
giving 4.4 1.H.P. and 3.63 Brake H.P. on Petrol by Automatic Ignition. 

Tests on 29 Oct. 1902. 
Revs. per min. 200. Net brake load 45 Ibs. 

(33) 3.50 p.m. 

d 

ATM. 

Tests on 31 Oct. 1902. 
Revs. per min. 240. Net brnke load 30 ibs. 

(C) 12.5 p.m. 
Late 

ignition 

(D) 12.30 p.m- 
Automatic 

pre-ignition of 
Petrol. 

ATM. 

In this engine the piston came quite close to the end of the 
oylinder, and there was a narrow neck communicating with the 
vaporiser which was partially water-cooled, so that it was difficult 
to see even the remotest possibility of the lubricant passing into the 
vaporiser. The petrol was fired automatically and regularly. As 
a matter of fact, he could easily get pre-ignitions at a lower pressure 
by simply changing the speed or tho load, so that the automatic 
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ignition of petrol by compression alone against a metal surface was 
easy enough. The vaporiser was comparatively cool and remained 
dark, much below red-heat. Its temperature was only kept up by 
the explosiohs, since no heat was applied from the outside and the 
coil lamp was removed at the start. That day hc had tried a higher 
speed, 240 revolutions per minute, and less load on the brake with 
similar satisfactory results. When the governor cut out a charge 
the next one was heavier than usual, and the diagram, D (page 781 j, 
indicated automatic pre-ignition. Still earlier ignition during the 
compression stroke was produced in this way, while no change was 
made in the ordinary lubricant of the cylinder which was kept cool 
by the circulating water in the jacket. 

I n  these trials the engine was not working under the best 
conditions for petrol. Benzoline and gasoline required higher 
compression and gave more power than Russolene by automatic 
ignition in this engine, whilst the piston kept clean and well 
lubricated. This engine also worked on alcohol in France. Automatic 
ignition depended on the nature of the fuel, and not on the lubricant 
as stated in the Paper. 

Again, regularity of automatic ignition, as well as efficiency in 
working, depended on the piston speed. It also appeared from 
experience that both the power and efficiency increased with the 
speed np to certain limits, which varied with the fuel or combustible 
used, the compression of the charge, cooling action of thc walls, and 
the size of the cylinder. The most economical speed in petroleum 
engines varied from about 450 to 700 feet per minute, and in the 
gas-engine up to 800 and 1000 feet per minute. That was apart 
from the question of durability; he was simply speaking of 
efficiency. 

The limiting temperature of thei cylinder walls for maximum 
efficiency was usually higher than that for maximum power. In a. 
petrol motor the efficiency end economy continued to increase while 
the temperature of the water-jacket was iaised even above the 
boiling-point, although there was' a marked falling-off in the power 
of the engine due to the smaller weight of each charge admitted. 
On the other hand, when the cylinder of the petroleum engine was 
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just hot enough, about 400" F., not to interfere with the lubrication 
by thinning the lubricant, nor to tighten the piston, every additional 
increment of temperature lowered the efficiency. There was thus a 
connection in the petroleum engine between the power really got 
out, the piston speed, the compression of charge, mean temperature 
of cylinder, cooling surface, and a number of other points. 

He quite agreed with ;the practical conclusions of the author 
regarding the use of high flash-point lubricating oils in the motors, 
because of the desirability and possibility, in small Icotors at  any 
rate, of using air-cooling and dispensing with the troublesome water- 
jacket. Already petrol !motors for cycles and light motor-cars mere 
working successfully without a:;water-jacket, and were kept 
sufficiently cool by conducting away the heat through the metal 
frame by increasing the cooling surface and using fans in some 
cases. Air was such a poor conductor of heat, and had small 
capacity for heat, that it  made air-cooling inefficient. A compromise 
WBS possible €or the sake of convenience. According to the present 
practice with the imperfect internal-combustion engine, it appeared 
necessary for good continuous. lubrication and steady running, to 
reject and conduct away the heat that could not be converted into 
work in the cylinder. The water-jacket was still necessary €or 
larger engines in which it was impossible to get the heat away fast 
enough from the cylinder by other meaus, to prevent pre-ignition of 
the incoming charge, and so that the heavy lubricating oils should 
suffer little or no loss by evaporation at  the mean temperature of the 
cylinder walls. 

Mr. HERB~RT AUSTIN said that the last time he spoke at the 
Institution* he drew attention to the fact, that it was very difficult 
to arrive at any reasonable result by discussing so extensive a Paper 
in such 8 short time. That equally applied to the present occasion. 
It was a great pity that this should be so, because the subject was a 
very interesting one. He was sorry to notice that most of the 
discussion had been quite irrelevant to the title of the Paper, 

* Proceedings 1901, page 318. 
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although in his opinion the title was a wrong me. He had come to 
the meeting in the hope of hearing something about motor c~ra .  
Although the discussion had been interesting, and, no doubt, very 
good, he could not say that so far he had learned much about motor 
cam. A better title for the Paper would have been  motor^:) 
because the reference to cars outside of the motor itself was very 
short. 

He was pleased to note that tbe author seemed to think that the 
horizontal engine would become the most popular style of motor, 
but he did not think i t  was possible to say which was going to be 
the most satisfactory motor, or which was the moet satisfactory 
position in which to put a’motor, because this depended on the system 
of transmission. That was the difficulty with motor cam. There 
was no difficulty with the motor. If everything connected with 
motor cars was 8s satisfactory as the motor of today, he was sure 
the cars would be a great deal more satisfactory than they were. 
Once a perfect system of transmiesion was obtained, the motor 
would have to be made to suit the system. Good motors could be 
made either way; he did not know that the advantages obtained 
from the one system were not quite as good as the advantages 
obtained with the other. I n  a note at the bottom of page 670 the 
author said : ‘‘ The multiple cylinder motor costs more to make ; uses 
more fuel and lubricant for the same amount of work ; and requires 
more attention and more repairs, since there are more partP.’’ One 
of the first motors he built for a car was a single-cylinder double- 
piston type. He only tried it once and then put i t  on the scrap 
heap, and wished he had put the drawings on the scrap heap before 
he made the motor. Instead of there being less parts, there were 
far more. The double-piston type of motor seemed to mislead 
people into thinking that there was only one cylinder. ‘ There were 
two, because each piston must move the distance of its stroke, and 
there must be either three connecting-rods or two fly-wheels and 
two crank-shafts. The maker had the choice of the two. I t  might 
be done in some other wey of which he was not yet aware. He did 
not know where the economy came in, if there were two ordinary 
cylinders, two connecting-rods, one crank-shaft, and one fly-wheel. 
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He had been rather surprised to hear Eome speakers, and also the 
author, speak in favour of using mild steel for liners of cylinders. 
He had always been given to understand that in order to stop wear, 
or to provide against wear, a material must be used with plenty of 
carbon in it. He had never heard that it was possible to get into 
mild steel tubing an equal amount of carbon that could be got 
into cast-iron. Anyone who had had to scrape the slides of an old 
pattern Crossley gas-engine would bear him out, when he said that 
it was very difficult to get under the skin of the slide; it had a far 
better and harder surface than it was possible to get with any kind 
of mild steel tubing, even although i t  was hardened. 

He quite agreed with the author in his objection to the solid- 
headed cylinder. That touched on a point which he thought was 
very often overlooked, namely, that when a cylinder was ground 
out, when i t  was cold it might be perfectly round, but when i t  got 
hot, i t  was quite a question as to whether it was anything like the 
same shape. In  a high-speed motor cverything depended on getting 
the piston and the rings to fit the liner ; that was the most important 
part about the motor. If there was a Ieaky piston, there was great 
inefficiency. He did not think it was possible in casting a solid- 
headed piston to get the cylinder round. If it could be tested, he 
thought i t  would be found very much out of round when it got hot ; 
it would get into various shapea dependent on the different degrees 
of heat. 

A remark was made (page 679) in reference to the setting of the 
valves. One of the first engines that he designed was fitted with 
a mechanically operated sir-valve, which he thought would be a 
much better arrangement. His experience up to that time had been 
based mostly on fixed gas-engines. He found, however, there was 
a great deal of difficulty in getting the air-valve to close at the 
right time. I t  did not seem to matter much when the valve was 
opened, because it could be opened after the piston had gone some 
distance along its stroke, but it must be closed at the right time. 
If it were closed a little after the piston had started to return, great 
difficulties would be encountered. The” same would occur if the air- 
valve was opened a little before the piston got to the end of its 
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exhaust stroke; exhaust gases would get into the carburettor and 
that would be rather a dangerous thing under certain conditions. 
I ‘  Popping in the carburettor,” as it was understood in the trade, W ~ R  

obtained quite enough without letting the exhaust gases into it. He 
found that, although much more efficient results might be obtained 
by fitting a mechanically operated air-valve, i t  was a great deal 
simpler to use an ordinary suction-valve. In  his practice he had 
tried ordinary steel valves, nickel steel valves, and cast-iron valves, 
and his experience showed there was nothing to equal a cast-iron 

FIG,. 32. 

iietlwd of $xiii.g Ca8t-irOIZ Lead 
to steel shank of value. 

I 

FIG. 33. 

Bqjle Plute 
i n  front of valve. 

valve, cast-iron head, with a steel shank, but the iron must be very 
close grained and preferably cast on a chill. He had no trouble 
whatever with the heads breaking off tho shank. I t  seemed a very 
difficult matter to put the head on in the right way, but there was a 
way in which it could bo done quite easily, Fig. 33. A, was the 
head of the valve in cast-iron. It was better to  cast i t  on a chill, 
because it was much denser and harder. The difficult thing was to 
get the right taper. The thread must be a very good fit, and when 
the head was being put on, it  must be made bright red hot. It must 
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be placed on quickly and jammed up as hard as possible. After 
that was done a little pin was put in between the two parts, and if 
that were done properly, the head wonld never come off. In his 
engines he  had proved that the difficulty mentioned by the author 
with regard to the scoring of the valves on the one side 
nearest the piston did occur, hut i t  depended a great deal 
on the shape of the engine and the size of the port how much 
difficulty in that respect was obtained. In  the plan shown, Fig. 4 
(page 683), he thought it would be better to lower the valve into a 
recess, but not nearly so much as was shown in the drawing. 
I n  his later practice he put a sort of baffle plate in front of thc 
valve, Fig. 33 (page 786). A little baffle plate was placed at B, in 
order to stop the gases, which came in the direction shown by the arrow, 
from rushing past and scoring that part of the face of the valve. 

In  reading through the Paper, he was rathcr surprised to see that 
the Wolseley motor and car were so very seldom mentioned. He 
did not wish to draw attention to that fact with any feeling, but in 
many cases credit had been given to makers of several kinds of 
motors and cars, which he thought really belonged to the Wolseley. 
The practice of using an aluminium jacket, for instance, and putting 
in  a cast-iron liner was essentially Wolseley practice ; they had never 
made one in any other way., He thought, perhap8,a maker could 
lay claim to a system much better, when he could say that he had 
never made his motor in any other way, than if he said he had 
experimented with it in the days before somc of them were born. 
The author (page 685) advised the makers to use large valves. That 
was very good advice. Up to a certain point he did not think the 
valves could be too large, but i t  was very difficult to fix a limit, and 
Le did not think taking measurements of tho size and stroke of the 
piston and the size of the valve could be much of a guide, because a 

very great deal depended on the shape of the inside of the cylinder. 
I f  it  had a narrow port to go through, perhaps a much larger valve 
would be required. 

Before concluding his remarks he would like to make a 
suggestion, namely, that it might be a better plan after the Paper 
was sent round to the members to ask them to write their remarks. 
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The remarks, after they were sent in, might be vised by a 
Committee of the Council; those which were irrelevant might be 
struck out, and those which were considered to be advantageous 
might be read, either by the member himself or by the Secretary. 
He thought better results would follow from that procedure than 
from the course at pzesent adopted. 

Objection was made (page 692) to what was called the 
crude system of using the ordinary jet carburettor. No doubt 
i t  was inefficient, but i t  was very simple, and, as the Yankee said, 
“ i t  gets there.” For the present state of the trade, at  any 
rate, he thought the less experimenting was done the better. 
The author said (page 703): “As regards accumulators, the 
author’s experience is that they never run nearly the mileage 
claimed, and are otherwise troublesome.” He was afraid that 
anybody who had done much experimenting in motor cars would 
find that, of all the systems of ignition, the accumulator with the 
high-tension spark and the sparking plug was the most satisfactory 
of the lot. He could not go into the reasons why, because it 
would fill a Paper almost as long as the one being discussed. In 
dealing with cylinder cooling (page 715), the author remarked that 
for security the system ought to provide for a forced flow of water, 
and also take advantage of the natural circulation. He wished to 
make a claim for the horizontal motor in that respect. If the motor 
was put at the lowest part of the water system, and if there was 
pump on that system as low as it  was possible to get it, with the 
water tank and the radiators above the engine, whatever little water 
there was, it was in  the motor, and that was the part it was wanted 
in. If the pump failed, there was natural circulation to fall back 
on, and he knew from experience that that was some advantage, 
That could not be obtained with a vertical motor. The remark was 
made (page 723) that ‘‘ In most cars the application of the foot-brake 
withdraws the clutch ; and in the Mercedes Simplex of the Constatt 
Daimler Co., the withdrawal of the clutch automatically reduces the 
speed of the motor.” That was one of the things that he thought 
ought to be considered Wolseley practice. His company had f0ugh.t 
against complication right from the start, and had tried to run R 
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petrol motor car as a steam car was run, that is, to make the motor 
as flexible as a steam-engine. For that reason they had endeavoured 
to do without a governor, and had connected the foot-throttle to the 
brake-pedal. Difficulty would be experienced if the foot-throttle 
mere connected to the clutch, because the first part of the motion on 
the clutch-pedal would be t o  slow down the motor, and then to 
withdraw the clutch. When it came to be put in again, the clutch 
would go in first, with the result that probably the motor mould stop 
before the motion could be completed to allow the choke-valve to 
open. If it were placed on the brake-pedal, that difficulty was not 
experienced. 

Mr. ANTHONY G. NEW said that in 1896 and 1897 he had had 
some little experience with steel cylinders for small explosion- 
engines, and built several engines in which they were employed, 
First of all, solid-drawn steel tubes, screwed into cast heads, were 
tried, but considerable difficulty was experienced in  avoiding leakage 
through the joint. The tubes appeared to warp when they got hot, 
and were far from satisfactory. He then got one of the large small- 
arms companies to make the necessary dies, and to supply cylinders 
in which the head was stamped out in one piece with the entire 
cylinder. All difficulties of leakage were in that way got over, but 
the cost of construction, owing to the amount of machine work 
involved, and the difficulty of water-jacketing the whole of the 
combustion chamber, were found to be drawbacks. Some samples 
of the cylinders were exhibited at the meeting for the inspection of 
those members who were interested in seeing them. Some of the 
engines bad been used for considerable periods, and, with cast-iron 
piston-rings, they worked extremely well, the cylinder wall becoming 
beautifully polished and smooth in use, resembling a gun barrel. 
He was inclined to think that even greater care in ensuring good 
lubrication was necessary, partly because there were none of those 
pores in the metal which, with cast-iron, appeared to retain particles 
of oil. He had no doubt that steel cylinders were preferable for 
racing cars, where cost was a secondary consideration, and where 
they were in the hands of expert drivers, but, from a commercial 

3 a  
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point of view, the present form of casting had much in its favour. 
It would be of great assistance to the automobile industry, if some of 
the large foundries in this country would make a much closer study 
of cylinder castings of that particular kind. He had found very 
much better castings in America for cylinders for explosion engines, 
although out there the explosion enginc was far behind such engines 
in this country. 

Whilst quite agreeing with Captain Longridge that flexibility of 
output (irrespective of speed) was highly desirable in automobile 
engines, and that this was probably the direction in which 
improvement might be expected in the future, yet he drew t w o  
conclusions from which he himself ventured to differ. The first of 
these concerned the substitution of the two-stroke cycle for the Otto 
cycle; the second was his method of rendering the engine flexible. 
He could not see that, on general principles, an automobile engine 
having an impulse every revolution could ever be really superior to 
to one working on the Otto cycle, because the limit of output in both 
cmes was determined rather by the minimum time necessary for the 
several operations (forming the cycle) to be performed, than by any 
mechanical considerations. The number of impulses per minute 
determined the relative power to  size and weight, and this was 
limited by the time required for the soveral operations to take place. 
The mechanical speed of any explosion engine was, at present, 
limited (in practice) only by piston speed, because no other 
mechanical time limitations were reached before those imposed by 
the operations themselves came into play. The question of piston 
speed was of coursc only a matter of proportionate length of stroke, 
and could therefore be kept well within safe limits. For this reason 
the four-cycle engine should be as light for its power as the two- 
stroke engine, and it was immaterial that its normal speed was 
double. If the length of stroke were one-half that of the two-stroke 
engine, the piston speed in both cases would be identical, and the 
rate Qf expansion and of compression would be the same in the two 
cases; the cylinder of the former would, of course, have twice the 
piston area. Considering the better chances which were apparently 
given by the Otto cycle for the operations forming the cycle to be 
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performed accurately, such an enginc would appear to bc superior to 
the other type. For automobile work particularly, the reduction 
of height, which accompanied 8 shortening of stroke, was a further 
advantage, and the reduced surface area of the combustion chamber 
malls appeared to be a benefit also, from a heat economy standpoint. 
On the question of proportionate length of stroke in an explosioe 
engine, some makers in the past appeared to have had an idea that a 
longer stroke was accompanied by a greater oxpansion of the burning 
gases. This was of course (in an ordinary engine) a fallacy, for the 
degree of expansion must be the same in all cases, provided that the 
compression was carried to the same point. Another reason why 
the Otto cycle appeared likely to bold its own in the future was that 
any such scheme as Captain Longridge proposed, for improving two- 
stroke engines, would probably be equally applicable to four-stroke 
engines, if they were not already as effective in such a respect. 

On the subject of rendering an engine more flexible than it now 
wm, he thought that a high output for weight was of even more 
importance than economy in fuel consumption, and that (in Captain 
Longridge’s own engine) output was unduly sacrificed in order to 
increase the fuel efficiency. Reduction of weight could of course be 
obtained in one of three ways : more impulses per minute, a higher 
mean pressure, or increased volume of explosive charge. In this 
engine the volume of the charge was reduced, and it seemed 
reasonable to assume that the number of impulses per minute would 
&O be reduced. It was true that the initial pressure of explosion 
might be greater, owing to the higher compression employed, but 
this could not be expected to compensatc for loss in the other 
respects. The reason why he thought the number of impulses 
would be reduced was because i t  seemed probable that the 
operations of complete admixture and of ignition would take longer 
to perform. He would suggest that a more likely direction in which 
to look for improvements in flexibility in the future was in variation 
of the volume of the explosive charge, with means for maintaining the 
degree of compression constant. 
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Mr. C.  RAINEY wished to direct his remarks to experiments with 
water-injection, which were undertaken at the author’s suggestion, 
and were referred t o  i n  the Ptiper (page 693). His experimental 
motor was at the time fitted with apparatus for another purpose, 
which greatly hampered the investigation, and prevented exact 
conclusions being arrived at. He was greatly astonished at the 
softening influence of the water-injection. He also noticed that the 
water in the water-jacket did not heat up as it had done previously, 
and he therefore emptied the water-jacket. At the end of a twenty- 
minutes’ run the motor was not overheated, in fact he could keep his 
hand upon the combustion chamber. The increase of power was 
also most decided. He hoped shortly to continue those experiments, 
and would be pleased to communicate the results of them later on. 

Another point to which he wished to direct attention Fas that 
of premature ignition. I n  a correspondence with the author, the 
subject of premature firing came up, and he suggested that the cause 
was attributable to the use of a low-flash lubricant. Of that, however, 
he was not convinced, and therefore he tried the following 
experiments. First, he filled the crank-chamber with a low-flash 
oil, until the crank-pins were covered. Then he removed the 
cylinder oil-cups and fed with an oil-can, but was unable to get 
premature ignition. Secondly, while the motor was still hot he 
removed the induction valves, and inserted about two ounces of 
lubricating oil upon one of the pistons. The reason he put the 
oil on only one piston was to enable comparisons to be made 
between the two combustion-chambers. He then ran the motor, 
freely using the oil-can; but even under those conditions the 
results were as before. I n  the next experiment he emptied the 
water-tank, leaving only the water-jacket filled. On the top of 
the combustion-chamher, and of course separated from i t  by the 
water-jacket, he put some of the same lubricating oil, and then, with 
the same copious lubrication, started the motor. The water soon 
boiled away, but he still kept the motor running until i t  became so 
hot that the oil which he had put on the outside of the combustion 
chamber began to vaporise; but he was sGll unable to obtain 
premature ignition. Those experiments were carried out with both 
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tube and electric ignition, on a two-cylinder Daimler motor, 
bolted to a concrete foundation, and running at  about 1,000 
revolutions per minute. There was no doubt that the lubricant 
did flash, as was clearly indicated by a subsequent inspection of the 
combustion-chamber, but it must have flashed at the same time as 
the petrol charge. Although those experiments would tend to show 
that premature firing was not caused by the flashing of the lubricant, 
still they were not conclusive, inasmuch as if the same tests were 
carried out upon another motor the results might be very different. 
Personally, he W&8 inclined to think there were two causes of 
premature ignition. Firstly, the platinum points of the ignition 
plug became red hot in consequence clf the heat of the explosions, 
resulting in the firing of the incoming charge. Upon that subject 
he was carrying out some experiments, but they were not yet far 
enough advanced to enable him to make any definite statement. 
The second cause was the bad construction of combustion-chambers. 
In order to make connection between the combustion-chamber and 
the sparking plug, most makers cast a small port or tube through 
the water-jacket, a sparking plug being screwed into the outer end. 
Similar ports were also used for the valves, and it was from those 
ports that he believed the trouble arose. In such small ports or 
pipes combustion did not take place as quickly as in large chambers, 
a small flame lingering in them which fired the incoming charge. 
I t  might be said that, if  such were the case, tho firing would become 
automatic, and undoubtedly that would be so if the tube or port 
were made of a correct size. The speed of the motor kept constent, 
and of high velocity. The varying of the petrol charge also had an 
influence on the lingering flame. Having eliminated those ports 
from his motor, he believed that that fact, and the additional one 
that he did not use platinum points to his sparking plug, might have 
been the reason for his failure to bring about premature ignition 
from the lubricating oil. 

As an illustration of the slow combustion of a petrol charge in 
small tubes, one might take a piece of ;-inch gas-barrel about 
6 feet long, fill the tube with petrol vapour and air, and apply s 
match t 3 one end. I t  would then be found that combustion did not 
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occur instantaneously, but travelled slowly along thc pipe, occupying 
from one to two seconds, according to the richness of the charge. 
With the object of putting his theory to the test, he carried out the 
following experiment. A piece of small tubing was bent into a 
semi-circle, fastened in the combustion chamber, and the motor was 
started running. I t  went very well at a speed of about 500 
revolutions per minute, but immediately he increased the speed 
there was a great deal of spitting and spluttering. I t  would bo 
most interesting and instriictive to hear the vicws of the makers of 
motors who did not use those ports, and he hoped, if any were 
present, they would relate their experiences, so that ono might 
learn how to settle that vexed question. The author advised 
(page 746) the use of lubricating oils of a higher flash point, and 
consequently of greater viscosity, but there seemed to be much 
diversity of opinion as to whether so viscid an oil would spread 
well over the cylinder walls. Many elaborate devices had beeu 
designed which were intended to effect that purpose. His opinion 
was that there was no need for any further controversy on the 
point. One could use the most viscid oils and be certain of their 
spreading properly, if only the user would follow the suggestion of 
the author (page 736), and use water with the oil in the crank 
chamber. He had tried it, and he advised others to do likewise ; 
and if others were as pleased with the results as he was, they mould, 
with him, be thankful to the author for his valuable Paper. 

Mr. A. R. SENNETT said he would like to mention a point or 
two in connection with the motor. He regretted the author’s 
modesty, which prevented him from supplying a drawing of his 
motor, because he liad followcd the description as carefully as he 
oould, but without being able to detect any novelty in it. I n  fact i t  
might be interesting to mention, that the very first petrol carriage 
run in this country had a motor exactly similar to that described by 
the author. He referred to the motor made by Mr. Edward Butler in 
1884, which was run in 1885, and was shown on Plate 80. That had 
an sxtra long cylinder, the front of i t  being closed ; i t  had a stuffing 
box, and it pnssed quasi-compressed air to the back of the cylinder, in 
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oxactly the way the author pointed out. He, Mr. Sennett, took 
the opportunity of writing to Mr. Butler since the last meeting, and 
asking him if there was any mistake in that statement. Mr. Butler 
replied that it was perfectly correct, and he remarked that if one 
was going to pass compressed air to the back of the cylinder, unless 
there was an entirely different system of valves, they would be 
knocked to pieces in a few hours. As members probably knew, 
the way Mr. Butler got over that trouble was by the invention of 
his very ingenious circular valve, Fig. 39, Plate 80, which went round 
a t  a slow speed, half the speed of the engine. He agreed with what 
Mr. Austin said (page 784), namely, that engines of that nature 
really ran into far more parts than a simple engine, But what was 
worse still was that the engine was a tremendously long one, and 
a crosshead was necessary, and there were many ather objections 
which he had not now time to touch upon. 

He was much interested in the remarks respecting the effect of 
aqueous vapour in bringing about chemical combination at high 
temperatures. He would only briefly touch upon the matter, merely 
in the hope that it would induce other experimenters to follow on in 
the matter, because he was convinced that there was a great deal 
in it. He would narrate how i t  had been so forcibly impressed 
upon him. Some years ago he undertook a long series of 
experiments with the object of preventing the formation of smoke 
in steam and other boiler furnaces, and he found that if one put in 
oxygen-fresh air-tremendously in excess of the theoretical 
requirements, one did not prevent the formation of smoke ; but if 
one injected steam it had a most extraordinary and instantaneous 
effect. The quantity of stearn used was rather serious, and after 
making a cataract and using varioiis timing contrivances for 
admitting automatically the steam into the furnace, so that the stoker 
hail nothing to do with i t  except to open the door on firing, he 
endeavoured to do away with all such apparatus by using very 
highly superheated steam ; and he was surprised at the very small. 
amount of water that one need put in-in a highly superheated 
condition-to effect chemical combination at high temperatures. 
So instantaneous was the effect of the superheated steam apparatus, 
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that he had been able t o  signal-by the Morse dot-and-dash code- 
from a steamer to the land by cutting off the smoke at will  by 
turning the steam on and off. He would mention an experiment 
which proved that in an interesting manner, and he only did SO to 
show how firmly he was impressed with the value and importance of 
prosecuting the experiments further. I f  one powdered iron in1 
hydrogen very carefully-taking care to admit no oxygen-and 
put that powdered iron into a glass tube containing oxygen whi& 
had been previously dried very thoroughly, the tube could be 
placed in  a spirit-lamp and the glass made white hot, despite 
the fact that oxygen was all round the powdered iron; strange 
as it might appear, the tube might be shaken as much a5 one 
liked, and yet the oxygen would not combine with the powdered iron 
if it  had been properly powdered in hydrogen. But if that tube 
were comected to a bulb, and one drop of water were put into it, 
matters being so arranged that by breaking the bulb the water 
vapour should pass into the tube of oxygen and iron, the whole 
thing would go off with a flash. Knowing the value of the presence 
of an infinitesimal proportion of aqueous vapour under those 
conditions, he naturally thought that all that was necessary W86 
to introduce water into the cylinder of a gas-engine to get a. 

wonderfully good result. He thought the simplest way to make a 
rough experiment was to put a kettle of boiling water outside the 
inlet valve. He tried that experiment in France at Messrs. Peugeot’s 
works, who at that time used two inlet tubes, and he put a kettle of 
boiling water opposite each. The result obtained showed material 
falling off in the records of the dynamometer. This-though prim4 
facie a negative result-did not in the least alter his opinion. 
Firstly, the vapour had to pass through the carburettor, and was 
likely to effect the gasification of the air ; and secondly, as Mr. Rainey 
had clearly shown (page 794), aqueous vapour in the combustion 
engine was beneficial up to a certain point, but in excess, it reduced 
the output of the motor. 

Concerning the author’s suggested motor, he thought that such a 
type of motor would have its utility heavily discounted by the fact 
that the design made a very long engine; that a piston-rod and 
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stuffing-box had to be employed, and that the latter would 
probably give much trouble, because piston-rods in internal- 
combustion engines became very hot; in addition to which a 
crosshead and guide would have to be used, and unless these were 
entirely enclosed, much wear and tear would take place from dust. 
John Penn, he believed, invented the trunk form of piston now used 
almost universally upon internal-combustion engines, and this he 
did for the sole purpose of economising space and getting a shorter 
engine, and this, as all designers of automobiles knew so well, was a 
great desideratum in a motor vehicle. 

Speaking of the engine design, the author had advocated, in 
regard to petrol motors for road carriages, that the shaft-line should 
be placed eccentrically in regard to the cylinder axis. What he had 
stated about diminishing the angularity on the working stroke and 
increasing it upon the idle stroke, was sound reasoning when 
applied to a single-acting steam-engine ; but in regard to the internal- 
combustion engine, he (Mr. Sennett) felt, although the author had 
rightIy said (page 719) that ‘‘ all Otto cycle-motors are single- 
acting, high-speed engines of accentuated type, in as far as the 
initial pressure is greater, more violently applied and more rapidly 
repeated,” yet the action of the two was not so analogous as the 
author had assumed, for one certainly could not look upon the 
compression stroke as an idle stroke; indeed it might easily be 
doing about 50 per cent. of the working stroke, and the strain due 
to this was not, as the author stated, such as to “constantly press 
the crosshead ”--carriage-motors have no crosshead--“ against one 
guide.” A s  a matter of fact, in the compression stroke the piston 
was forced against the opposite side of the cylinder ; therefore it was 
clear that if the angular movement provided for the latter be made 
50 per cent. less advantageous than that for the working stroke, no 
good would result from this ex-axial disposition at all. 

The author’s reasoning also, in regard to thc re-action due to 
inertia of the fly-wheel being one of the chief causes of vibmtion, 
should be qualified by the statement that this only applied when 
the car was standing, which however was the more important time. 
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He was heartily at  one with the author when he mid that the 
thing to work for is an impulse-every-revolution motor, and also 
with his advocacy of horizontal cylinders. He felt strongly that 
mechanically propelled road carriages would in the near future 
be driven by horizontal cylinder motors ; indeed, that they would 
pass through a similar phase of evolution as had the railway 
locomotive. Keadley’s cL Puffing Billy ” and other first constructed 
engines had vertical cylinders, and oscillated terribly. Then came 
the ‘‘ Rocket ” with diagonal cylinders, marking a vast improvement 
in lessened vibration, and from that time forward the cylinders have 
been decreased in angle until they were now practically horizontal. 
The author’s deductions, however, from B slight rise in the 
proportion of American cars using horizontal cylinders were quite 
misleading as to the trend of design, the total number quoted by 
him being less than a couple of dozen. Now if he bad instanced 
the great change which had taken place in France within the last 
couple of years, :he would have seen that, whereas, in 1898 for 
example, a considerable proportion of the manufacturers were using 
horizontal cylinders, they had now practically all gone oFer to the 
vertical type. Two of the very early constructors might be 
instanced : Peugeot Frhres had for six years confined themselves to 
horizontal cylinders, but last year made the change referred to, and 
Delahaye-building since 18114-had just recently changed his 
design. If one asked a continental engineer a reason for this 
change he had referred to, he generally gave three: difficulty of 
lubrication ; trouble with sparking and-his strongest point- 
thc wearing1 away of the cylinders and piston on their bottom 
sides. In  regard to this, he would like to touch upon a great 
advantage Lincidental to the eniploylucnt of forward compression, 
such as the author forcshadowed in his own motor, and as he had 
recently scen carried out experimentally, namely, tliat it was in 
a high degree conducive to cGsweetness” of running of the 
motor. A short time ago he had testcd a motor in which a very 
large amount of play existed in the trunnion-pin at the smaller end 
of the connecting-rod; the motor was running n t  from 1,200 to 
1,500 revolutions pcr minute ; this, in the ordinary ray,  would have 
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occasioned distracting knocking ; i n  this motor, however-whkh 
compressed into its crank-chamber- there was no knocking at all. 
With regard to the other objections-difficult lubrication and trouble 
in sparking; in his opinion it was easier to lubricate a horizontal 
than a vertical cylinder, and' the sparkiug trouble could be at once 
got over by a properly designed plug. 

I t  was not clear to him, in regard to the author's proposed 
automatically adjusting contact-breaker, Fig. 11 (page 707) if the 
diagram in the Paper was correctly drawn, because it would seem, 
when the brush rubbed upon the commutator plate at its broader 
end, ignition must necessarily take place at an early period. The 
forward edge of the commutator plate-it would seem-ought to 
have been parallel with the axis of the shaft, and only the tail edge 
inclined. Mr. Turrell in 1889 had varied the period of sparking in 
a somewhat similar manner. Turrell used a commutator plate 
arranged spirally upon the commutator drum, and by shifting the 
brush, as tho author proposed, the period was of course varied. I n  
motor vehicle construction complication WRS the thing to be avided, 
as every ailtornobile engineer knew by bitter experience. Every 
unnecessary wheel and stud, every bolt and nut should be exorcised, 
as if i t  contained an evil spirit-one a8 likely to exert its evil 
influence whcn one WRS going at top speed as at any other time-and 
therefore he thought it possible the extra complication due to the 
attachment of an automatic spark-controller might more than 
outweigh its advantages ; and tho same, he was afraid, might apply 
to the " increased expansion " gear the author proposed, this at thc 
eame time sadly cut into the strength of the crank. He regretted, with 
the author, the inertia shown by constructors in regard to studying 
the problems involved, and in making theoretical principles work in 
with practical exigencies. 

The subject of self-propelling vehicles for common roads was a 

far too extensive one to be dealt with in a single Paper, and hc 
thought good would result from the reading of another at an early 
date. 
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D ~ E c ~ ~ s s ~ o ~  on ~ 1 s t  November 1902. 

Mr. RALPH LUCAS said that Captain Longridge had put forward 
in his Paper the statement that he thought the two-cycle engine 
must be the engine of the future for motor-car purposes, and Mr. 
Lucas therefore thought it would be interesting to those present to 
hear his experiences on the subject of a two-cycle engine. He had 
been manufacturing cars for the last three years fitted with that type 
of engine. I n  the Spring of the present year he exhibited at the 

FIG. 34. 
Two-eycle Engiae. 

Agricultural Hall a car fitted with a two-cycle engine simiiatr to tbc 
sketch shown on Fig. 34. The action of the engine was as follows :- 
there were two cranks, one at each end, each coupled to a piston, and 
the two crmk-shafts were kept in beat by a counter-shaft paraIlel 
with the axis of the cylinder, coupling them with bevel wheels. 
The two pistons must first be imagined to be coming together, thus 
drawing a charge into the crank-cases ; then; as the pistons came 
outwards, they compressed that charge slightly. At thc end of the 
outward stroke one piston uncovered a port in the cylintter, connected 
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t o  the crank-cases, and the other piston uncovered another slot to the 
atmosphere. The charge which was compressed in the crank-cases 
entered one end of the combustion-chamber through the first- 
mentioned port, and swept before it the products of combustion of 
the previous explosion out of the exhaust port at the other end ; this 
charge mas then compressed and exploded between the pistons, hence 
there was an explosion at every revolution with compression, and 
without valves. 

Two or three of these cars were running on the road, and were 
running very successfully, showing that the two-cycle engine was 
already beginning to do something. Since then he had been 
encouraged, by the great power for weight he obtained from that 
particular type of car, to go a step further, and to design a car 
without change-speed gear at all, simply driving direct from the 
crank-shaft to the back axle with a single chain. On thinking i t  
over, he found that a great deal of the weight of the former engine 
was due to having to use such a great weight of fly-wheel. As 
tly-wheels had to do the whole of the compression in dl single- 
explosion engines, also there was considerable weight in the 
mechanism necessary to keep the two crank-shafts in beat ; he 
therefore designed an engine of two single cylinders, with the pistons 
a t  opposite phases, so that each explosion did the compression of the 
other cylinder. It would be understood that the two-cycle engine 
exploded at every revohtion, and therefore, with a two-cylinder 
engine, each explosion compressed the charge in the other cylinder 
direct without the storage of necessary energy in the flywheel, and 
thus the necessary fly-wheel weight becamo very smalI indeed; also 
no coupling mechanism was necessary to keep the pistons in beat, as 
they were both attsched to the same crank-shaft, besides gaining the 
advantage of the continual torque, and therefore the little strain on 
the mechanism. A sketch of one of the cylinders was shown in 
Fig. 35 (page 800). The piston in ascending drew the charge into the 
crank-case, and in descending slightly compressed it, then uncovering 
a port connected to the crank-case and another to the atmosphere ; this 
very slightly compressed gas rushed into the cylinder, and swept out 
whatever was there through the other port ; the piston then ascended 
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again and compressed i t  and i t  was exploded, so that at every 
revolution above the piston there was an alternate compression and 
explosion, and at every revolution below the piston the charge was 
being got ready for the next explosion. 

There was another point about the two-cycle engine on which he 
did not think the author had laid sufficient stress, namely, the 
continual thrust on the connecting-rod. I t  was well known that, in 
the Otto cycle engine, i t  drew in the charge at one moment and 
compressed i t  a t  another, and a change of thrust occurred therefore 
on the connecting-rods. That was prohibitive to very high speeds, 
and i t  was found in practice that 600 revolutions per minute also 
was the maximum speed at which an Otto cycle engine could be run, 
without fear of damaging the connecting-rods. But the two-cycle 
engine compressed at every revolution, and therefore the connecting- 
rod was always in compression. I n  illustration of the value of' 
which he mentioned that, about three and a half years ago, he 
installed a two-cycle engine in the country for pumping water, 
putting it in charge of an inexperienoed man-so inexperienced that 
when he was given the charge of an incubator he put the thermometer 
in with the bulb outwards, and could not understand why he cooked 
aU. the eggs. That engine had been running for twenty minutes a 
day for three and a half years, and had never required any repair a t  
all, although the attendant did not know what was inside the 
cylinder. He (Mr. Lucas), in looking at  the machine recently, took 
off the cylinder cover, took hold of the deflector plate on the top of 
the piston, and found there was something like +-inch back-lash in 
the connecting-rod, but the engine ran without knocking, because the 
piston was cushioned at every revolution. The two important points 
on which to lay stress were, first of all, the continual thrust on the 
connecting-rod, enabling the engine to run continuously at  a higher 
speed than was usually possible with the Otto cycle type of engine, 
without any d a r  of damage from knocking due to wear ; and, secondly, 
the great power for weight which was obtained, so much so that he 
had been able to make a car which would run without change-speed 
gear at all, which, with a light load of two passengers, could be 
geared to a maximum speed of 40 miles an hour and still snccessivelj 
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negotiate hills ; or, gearing to a maximum of 30 miles an hour, would 
carry four people and the extra seats, etc., for the accommodation. 
These figures were from a recent 1,000-mile test of the first of this 
type. He thought that he had shown that the two-cycle engine was 
beginning to make its way already. 

Mr. M. HOLROYU SMITH hoped that, if in the course of his remarks 
he Raid anything which was not quite relevant to the Paper, he 
would be called to order. If Captain Longridge considered the 
criticisins he would make were somewhat severe, he trusted that 
gentleman would consider they wero in the interests of Science, and 
tbat they were not prompted by any animus. The Paper under 
dimussion was entitled “ Oil Motor Cars of 1902.” He had looked 
through it, but almost in  vain, to find anything relevant to Motor 
Cars of 1902. If instead of that title one took a passage which 
occurred (page 742), and changed the title to ‘ I  The present Technique 
of Motor-Car Manufacture,” it would have been a very much more 
oorrect title, and would have made the contents of the Paper more 
admissible, and therefore itself more genuinely interesting. In  his 
opinion it had to be dealt with and discussed on the basis of what it 
Kas said to be, and upon those lines he proposed dealing with i t  as  
briefly as possible. 

The Paper commenced with the statement that the author did 
not “wish to burden members with details.” He wished to draw 
attention to the fact that details were both advpcated and illustrated 
on pages 683, 684, 687, 706, 722, 730, 731, etc. None of those 
details, as far as he knew, bore any reference to  work done in 1902. 
In most of the cases the matters touched on were ancient history. 
Some of them were suggestions for new devices. With perhaps one 
exception, he did not believe there was anything in any of those 
illustrations which he had quoted, which Captain Longridge would 
seriously advise any motor-car makers to follow. He asked the 
members to look at one or two of them. At Fig. 4 (page 683) the 
author said a great deal about angles and corners and ins and outs of 
motor-cylinders as, in his opinion, badly designed by other people, 
and yet he gave at Fig. 4 what he proposed as R solution of a 
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difficulty. He ventured to say that Fig. 4 was an error. The idea 
was that the gases should have a more uninterrupted and uniform 
flow out through the exhaust valve. 

(Mr. M. Holroyd Smith.) 

Captain LOXGRIDGE said that uniformity of discharge was the 
objcct in view. 

Mr. HOLROYD SMITH said he was only taking the Paper as it  
stood, and not a fresh interpretation of it. The statement was that 
it was an advantage to prevent the scarring of the sides and seat of 
the exhaust-valves by a too great rush upon one side thereof, and i t  
would be found, not only in treating that one item, but further on, 
that there was an elaboration of the desire to have the gases flowing 
in a continuous course. Re wished to show the error of that solution 
which was given in the Paper, because the suggested “ improvement ” 
would make the matter worse. It was only necessary to exaggerate 
the point to see the mistake. Consider the cylindrical chamber s 
little deeper than that shown in Fig. 4 (page 683), the down- 
rushing gases would beat upon the mushroom head of the valve and 
be deflected, and there would be conflicting movements, hindering 
and not helping the outflow. Re thought that, if Captain Longridge 
wanted to get a better outlet for his gases, he Bhoiild advocate a 
simpler plan of arranging the valve-chamber. Instead of, as was 
unfortunately the practice in dozens of engines, having the sides 
close to the edge of the valve, by enlarging the diameter of chamber, 
as in Fig. 33 (page 7S6), all that was wanted would be obtained, 
without making another evil in trying to cure the one mentioned. 

On page 683 another illustration was given, though he did not 
know why. It could not be for the information of the members, 
because it was old, and most of those who were well acquainted with 
petrol motors had seen i t  years ago. He referred to the double- 
valve arrangement. When one found it advocated in the Paper that 
the induction-valve should be much larger than the exhaust-valve, 
he failed to see the consistency of giving such an illustration as that 
in Fig. 5 (page 683) where, obviously the induction-valve wa8 very 
much less in diameter than the exhaust-valve, the very reverse of 
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what engineers wcre adviscd to do in othcr parts of the Paper. He 
would like to know if an engine like that had ever been built, and if 
so, with what result. Having regard to the terminal pressure usual 
in petrol motors, he would also like to know what strains and what 
wear and tear there would be upon a cam that had ts lift an eshaust- 
valve of such an absurdly large area as that shown on Fig. 5. 

Proceeding a little further one came to Fig. 6 (page 684). I n  
respect to that he thought there was a mis-statement, namely the 
addition of 50 per cent. to the outlet area obtained by a device of 
that kind. I t  might be there, but he failed to see it. What he did 
see, however, was the possibility of a considerable amount of trouble 
in keeping all those faces as drawn-he aid not say as intended- 
but, as shown, therc mere practically three faces to be ground. There 
were the dual faces of the valve and the valve-spindle, which was 
also shown with a conical seating, making three resting placcs for 
the valve. It was well known that when there were two or three 
edges of different diameters, with a bumping action going OD, they 
would not all wear uniformly, and he took it that the valvc must be 
frequently re-ground. Was he to understand that engineers mere 
seriously advised to use valves of that kind? 

I-le now asked them to turn to page 706, where there mas a 
drawing representing the feasibility of automatically timing the 
electric-ignition spark. He wished to ask if  Captain Longridge 
seriously advised anybody to adopt the interesting but tricky 
arrangement shown on Fig. 10. Everyone knew that for motor-car 
work it was necessary to get things as simple as possible. Adding a 
detail like that must necessarily add to the complications and 
di6culties in working. Further than that, the very device there 
indicated showed an arrangement which he thought by this time was 
quite obsolete, namely, the employment of a disc of vulcanite or 
other insulating material, and just a little bit of inlaid metal for tho 
spring point to make contact with. There would be constant friction 
throughout the whole revolution of the disc, when contact was only 
wanted for a short period, and in addition the arrangement gave 
ample opportunity for the accumulation of oil and making bsd 
contact. He presumed that makers of petrol motors in 1902 were 
not advised to use a device of that kind. 3 1  
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On page 722 was presented a solution of the vibration question, 
which, unless his memory was altogether wrong, was a known device 
by engine builders when he was quite a boy. Therefore he assumed 
it hardly came under the term (‘ Motdr Cars of 1902.” On page 730 
there was another device which was interesting. There was shown 
an internally-applied brake, in regard to which, if search were made 
in the archives of that Institution, i t  would be found that there was 
a diagram some fifteen years old which was practically identical with 
that given in the Paper, and now called a new device. On the next 
page another brake was shown, which mas said to come from France. 
He could understand i t  coming from France, for the simple reason 
that, in 1894, he (Mr. Smith) sent that particular design to 
a French engineer for application to tramcars. On page 734 
was given, a method of attaching a motor to its supporting frame 
by rubber buffers. IIe thought those who had been practising 
motor-car designing would agree with him that that was not new. 
He himself used i t  threa years ago in motor cars, and probably some 
of those prcsent had applied the same device to motor cars before 
that date. Fifteen years ago he had used identically the same 
thing on tramcars. He again reminded members that the Paper 
purported to be on “ Motor Cars of 1902 ” ; yet one might take the 
majority of details given in the Paper, and deal with them in a 
similar way. 

I n  Fig. 16, Plate 78, there was a little contrivance illustrated for 
opening the exhaust free without passing through the silencer. No 
doubt many of those present had, like himself, used contrivances for 
the same purpose, so the object of it was old. Tho arrangement 
there shown was a pretty and interesting detail, and i t  ma5 the 
manner in which it mas carried out that made the device useful, and 
justified its introduction in the Paper. The object of his remarks co 
far had been to  combat the opening sentence of the Paper, that (( the 
author does not wish to burden members with details,” and yet the 
reader had been burdcned with useless details. But, on the other 
hand, readers had not been given, with only, he bolieved, two 
exceptions, details which were new and details which wore useful. 
He held, especially with motor-car work, as in the majority of 
engineering work, that it was the excellency of the contrivances as to 
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little devices and details which made a thing a success or a failure, 
and instead of having long descriptions and a great many abstract 
generalizations, engineers would be very much richer in their everyday 
work if fewer pages of letterpress were presented to them and more 
useful details. 

The next point in the Paper upon which he wished to touch was 
the technical teaching. If the details given were not of much use, 
what about the technical teaching? He had been approached two 
or three times, since the Paper was read and published, with the 
remark that Captain Longridge was advocating retaining the exhaust 
charges in the cylinder. He found that the words were capable 
of conveying that meaning. He thought that the author was 
advocating, not the retaining of the exhaust charges in the cylinder, 
but rather than have a low compression by throttling the intake and 
losing the high compression, it would be better to retain some of the 
exhaust charges, in order that, when the engine was governed by 
throttling the intake, one might still have a high compression. 
That, he undexstood, mas what Captain Longridge meant, but i t  was 
so indefinitely expressed that i t  led to  an error which was growing, 
and an error which had been repeated to him four or five times by 
different people. It was a pity that the author did not show how the 
engine could be governed by so-called '' throttling," without lessening 
the cornpression, and without retaining the exhaust. 

Another point was that the author rightly advocated high 
cornpression, but he did not give the least idea of what that 
compression should be. W a s  i t  to 'be something between 50 and 
100 lbs., or what ? What was the best initial compression to have 
in an engine? It would be an advantage to have some precise and 
useful information on that point, not merely a general statement. 
There was surely Rome limit beyond which it would not be wise to 
go. What was that limit, and how was i t  t o  be obtained? He 
would also like to have some information as to the best area for the 
valves in high-speed engines. A great deal was said about that in 
the Paper, but there was absolutely no reliable information given. 
There was a formula (page 685) which was credited to Mr. Roots, 
and he was very glad to find that blr. Roots had been mentioned, 

3 r 2  
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because few men had given more patient and persevering study to 
the qiicstion than hc. Perhaps Mr. Roots, in persisting in the  
employment of '' heavy oils," had worked on wrong lines, b u t  he had 
persevered in his work, and all  credit to him for doing so. He 
wished to ask if the author seriously put the formula before 
the members for their use, because, given an  enginc of 44 inches 
diameter with a 6-inch stroke and 1,000 revolutions per minute, one 
would require the exhaust-valve to be 3 inches in diameter. Would 
anyone seriously advocate a 3-inch diameter exhaust-valve for a, 
cylinder 4$ inches in  diameter ? 

At another part i t  was found that Captain Longridgc had 
advocated thc introduction of water i n  slight doses into the cylinder, 
but he did not point out the very great danger and difficulty that 
arose from adopting such a course. Water would get into the 
cylinder when it was not wanted. Most engineers hncl probably 
found that if there was just 3 slight leakage from the cooling 
chamber it gave a better running for a time to the engine, but there 
was very great danger from that, because, if the water could leak in 
during the suction-stroke, then, when the explosion took place, the  
hot gases would be forced back into the water-jacket, boiling up the 
water at n, furious rate ; there were other dangers in the use of water 
which readers of tho Paper had not been told of. Nor had thcy been 
told how to apply fresh water well and wisely for useful purposes in  
the cylinder. That WRS a point upon which he would have likcd to 
have some information. 

On page 687 therc was given just the germ of a detail which, if 
time had permitted, he would have liked to have spoken upon and 
elsborated, because, i f  fully worked out, it would be 3 good point 
gained, and he would have liked to have given the meeting thc 
benefit of his own experience in the same direction. Therc was 
one point in the Papcr which he thought most of those present 
would sincerely thank the author for, and that was what he had 
communicated on the question of the composition of the iron to be  
used in cylinders, etc. Members mould also thank the author for 
his dissertations upon the component parts of gases. Those were 
matters of great interest and very uscfu1, and he was indebtcd to  

E e  thought not. 
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&he author for them. Still, they were more questions for the 
metallurgist and for the chemist, and they scarcely came within 
the scope of the title “Motor Cars of 1902.” The fact mas that in 
the Paper B great deal too much had been attempted, and often when 
that was so, the result was largely spoiled. 

He would next like to deal for a moment with the prophecies 
in  the Paper. After the sentence which he had quoted as to 
burdening members with details, there came three prophetic pages. 
Those dealt with some motor which was going to be made. But 
&here were no drawings given, and no detail supplied. The words 
used to describe the coming motor mere almost identical with the 
description given of a motor which was submitted to him (Mr. Smith) 
four years ago, the invention of a French lady, but from this nothing 
had yet been produced. When the author had completed his 
experiments, it would be interesting to know the result. Thanks 
mere due to him for the research and the patience which he had 
shown in producing so Iong a Paper, and to the numerous people 
who had supplied him with data ; but he could not help expressing 
regret that more actually useful detail had not been given for the 
guidance of engineers. 

Mr. J. HARTLEY WICKSTEED, Vice-president, said Mr. Holroyd 
Smith had stated that in his memory the sketch Fig. 19  (page 732) was 
the same as the Roots blower. I t  
might have parts which were similar, but they were by no means 
identical with the Roots blower. The ordinary Roots blower was 
made with one piston. It had II very wide crosshead, and two 
vcry wide-apart connecting-rods. I t  was one piston driving two 
frames, whereas in the sketch, Fig. 19, there mere evidently two 
pistons driving. 

I t  certainly was not the same. 

Mr. HOLROYD SNITH said he had seen some with two. 

Mr. WICKSTEED replied that all he himself had seen were made 
with one. 

Mr. JOHN JOHNSTON said that, although he had sent in a written 
communication (page 857), he would like to add one or two remarks. 
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As a worker in the field of the impulse-every-revolution engine, he 
had done something, he thought, to prove that that engine was 
equally as good and equally as economical as any Otto cyclc engine 
in existencc. He realised that that was a point upon which people 
did not agree. Most persons to whom he had spoken on the point 
held up to him that an impulse-every-revolution engine was not 
economical. In the communication which he had sent in, he had 
got a horse-power out of a 4-inch cylinder with a 6-inch stroke on 
f pint of ordinary American petroleum. He did not think there was 
anyone in that meeting who had obtained a better result out of an 
Otto cycle engine of that size. As for the power, with a 4-inch 
engine running at  GOO revolutions ho worked it to 79 brake-horse- 
power, and he did not think that power could be got out of any Otto 
cycle engine running at the same speed. I n  regard to speed, he 
thought i t  was Mr. J. H. Hnight, of Farnham, who had said it mas an 
impossibility to work an impulse-every-revolution engine at more 
than 300 revolutions, without the engine bringing up through back- 
firing. He had worked his engines up t o  SO0 revolutions and over, 
and he thought that was fast enough for any motor. He did not go 
in  for very high speeds, but he had worked it up to over that speed 
with the greatest ease, and with perfect balancing. I t  was a simple 
balancing by the fly-wheel ; there was no double piston required- 
That which a previous speaker had mentioned, namely, constant 
thrust on the connecting-rod, was a great point in favour of it, 
because there was no drag on the piston in the backward stroke. It 
was advantageous on all the points which wore brought forward- 
economy, weight, and ignition. Mr. Beaumont said (page 765), in 
fact, that it was just as easy to multiply the number of cylinders on 
an Otto cycle engine as to make an impulse-every-revolution engine, 
getting two impulses to the Otto cycle’s one. But on the point of 
ignition alone the impulse-every-revolution engine scored, because it 
was the most difficult matter to handle in connection with motor 
cars. Ignition gave more trouble than all the remaining parts of 
the motor put together, at least that was his experience, and it 
probably was the experience of many more. 
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Mr. MERVPN O’GORMAN said that their thanks were diie to the 
author for a suggestive Paper calculated to dram a discussion. Such 
a Paper did not deserve to be criticised as i f  i t  claimed to give 
original experimental results. I ts  title indicated that i t  would 
record the features of motor cars which mere used in 1902, and 
whether the details wcre old or new he thought that the majority of 
them were in use on various motor cars used and built in 1902. 

With regard to the proposed engine, he thought that all motorists 
of experience would agree that engines as now built were the feature 
on most cars that gave least trouble. The ignition, the gear, the 
springs, and the circulation were the causes of anxiety. Therefore a 
very good case must be made out for any new engine that mas launched. 
The ccraison d’0tre” of a new engine must be that i t  afforded 
improvement in one or all of the following points :- 

(a) Plant efficiency. 
( b )  Running efficiency. 
( c )  Simplicity. 
(d )  Elasticity. 
(What he meant by elasticity would appear from the mental 

comparison of the explosion engine with the steam-engine.) How 
were these qualities improved in the suggested engine ? 

Was it  
lighter? Possibly, since it had two explosions (and Mr. Lucas 
made a strong claim for his engine on this vcry head) in lieu of one, 
but also, possibly not. 

(a) Did it burn less fuel? and cost less for repairs ? Neither 
of these were at all proved. [The author omittcd to  put in his claim 
for constant thrtlst, which would come under this heading.] 

( c )  It was not simpler. 
(d)  It was somewhat more elastic. 
Adding these effects together, the author did not make a strong 

showing until he brought experimental evidence. Mr. Lucas’s car 
was installed without gear, and he would have admired the result, 
were he not in  possession of a car which dispensed with gear in all 
its normal running, which had been run for two months over 3,000 
miles and which worked on the Otto cycle. This was done by using 

(a) Was it cheaper per horse-power ? He thought not. 
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a fly-wheel, ahose inertia was large compared to the weiglit of the 
car. The car was about 8 cwts. and the fly-wheel about 1$ cwts., 
acting at a very considerable radius. (The fly-wheel diameter was 
about 24 inches.) He 
did not name the machine, as it was not his business to advertise the 
car, but he believed the absence of threo gears would be t h  
characteristic of next year’s cars. 

He had a device which would give to an Otto cycle car a mcasurc 
of elasticity (that is, increased torque at slow speeds) by sacrificing 
at  slow speeds a little more fuel per horse-poEer. I t  was about to 
be mads, and he thought he might mention it appropriately now. 
I t  consisted merely of supplying the mixture to the motor under R 
small pressure, a pressure slightly in  excess of that of the exhaust 
gases at the end of the exhaust stroke. With this, one opened the 
inlet valvc a short time before the cxhanst valves bad closed, and the 
incoming fuel blew the residual exhaust gas out of the combustion 
chamber or clearance spaces of the engine. Now on Otto cycle 
engines, working at a compression pressurc of 60 to 70 lbs., the 
clearance volume was about 1 4 t h  to 1 4 t h  of the cylinder volume, 
and as this clearance remained normally f u l l  of waste products, 
whereas with hie pressure feed he replaced these with fresh stuff, he 
obtained an increased output from any engine of 1-7th or more, say 
a 15-per cent. improvement. This was his claim under ( a ) ,  or 
Plant Efficiency-more output from a given engine. He found, as 
Mr. Lucas did, that one might easily obtain from the crank-chamber 
a supply of air under a small pressure, about 3 or 4 lbs. per square 
inch. To do this, i t  was only necessary to put on the crank-chamber 
a couple of mushroom-valves, one to let air in and one to let it out, 
and he put this pressure-air supply through the ordinary carburettor. 

T o  obtain an improvement unclcr ( b ) ,  or Running Efficiency, it 
mas only necessary to heat the ducts containing the pressure air. 
I t  was not necessary to point out why the hotter fuel mould give 
more power; but i t  was to be noted that with the simple suction 
usually adopted, i t  mas not possible to heat the air, owing to its 
expansion causing a diminution cf the amount taken in per stroke, 
and therefore a diminution of the engine output. With a pressure 

The gear was only used on abnormal hills. 
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 uppl ply this dcfect vanished. With a pressure supply, i t  was to be 
observed that a mechanically-actuated valve was necessary, 60 that 
the spring on the inlct might be strong enough only to open when i t  
was told to do so by the cam. By using hot gas, ho hoped to make 
good his claim for fuel efficiency. 

A s  for Simplicity, i t  was true that the valves were an addition 
to the parts, but they certainly were a very small encumbrance, and 
their exact action at a specific instant was of no consequence, unlike 
the automatic induction valve on the combustion head of the 
standard engines. 

Under heading (d,) Elasticity, this method had merits on 
starting and hill-climbing when, owing to the slowness of rotation, 
the horse-power mas lowered, and the utmost torque was required ; 
i t  was possible t o  improve the torque by allowing the crank-chamber 
pressure to rise t o  a fairly high value, Ray, 4 lbs. per square inch. 
This resulted not only i n  filling the combustion chamber with fresh 
gas in lieu of exhaust gas, but furthermore the entire cylinder 
charge was pressed homc, not by atmospheric pressure of 14 lbs. per 
square inch, but by a total pressure of 18 lbs. per square inch, a 
33 per cent. increase of pressure. Hencc a 33 per cent. incrcase of 
fuel taken, and, say, 30 per cent. increase of torque resulted. (Hc did 
not need to point out that there mere two pumping strokes on the 
front of the pistcn to each explosion, so that there was plenty of air 
available.) He advocated external fly-wheels of large inertia and 
small weight, and with an increase of torque at command, such as he 
mentioned, he could dispense with gear save for emergencies. 
Reverting to tho details of valves as dealt with by thc author, he 
strongly endorsed his view of the advantage of the mechanically 
actuated inlet, after trying both systems. The author advocated 
large valve-area, and he himself agreed ; but there mere limits to this, 
owing to the increased inertia and the difficulty of seating with large 
valves. A simple device to get a large opening without large valves 
might be mentioned briefly, in connection with a Paper which dealt 
entirely with devices and details. 

The ordinary valve cam, sketch (a),  Fig. 36 (page 814), gave ca 
diagram of opening, as sketch (b) ,  where the height of any ordinate 
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showed the amount the mushroom was raised, and the abscissse the 
various positions along the stroke. The theoretically desirablc cam 
(c), which would keep the exhaust port fully open to the end of tho 
stroke as in (cl), and give 50 more total valve-lift, was impracticable, 
because the unavoidable reversals of the engine down hill or from 
back-firing mould break off the stem of the valve-lifter. To get the 
result without the drawback was easy. I f  the cam be mounted in 
such a manner that i t  became loose on the shaft ( e ) ,  at the moment 
the exhaust stroke was due to be complete, the identical diagram ( d )  
was obtained, and rotation in either direction was equally easy. On 

FIG. 3E. 
Cunie for operathi9 Exlrciust Vulues. 

Ordinary Cam and Valve-openiog diagram. 

Quickly-closing Cams with Vaivo-opening diagram. 

a particular standard engine of very popular pattern, his friend, 
Mr. Cozens-Hardy, and himself made this alteration to the cams of 
both exhaust and inlet valves, and the increase in power, though 
large, was nothing to the increase of speed available ; simply because 
this otherwise well-made engine could never get rid of its exhaust 
or suck in a full charge at very high speeds, owing to valve throttle. 
Incidentally it would be found that by keeping the inlet-valve 
uniformly open throughout the stroke, a more uniform carburation 
was obtained. This arose from the fact that the richness of the 
charge unavoidably depended upon the rate at which the air 
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was sucked past the carburettor; and at the end of the stroke, 
when the piston was moving slowly, if the speed of the incoming air 
was further diminished by the constriction of the valve passage, one 
was liable to obtain too poor a charge in the vicinity of the inlet, 
which was invariably the situation of the igniter. Hence to get 
uniform firing, one was led to use a charge the average of which was 
too rich, and the result of which was inefficiency and smell. 

He wished to put in the most urgent and emphatic plea for the 
standardization of bolts and nut-heads, if not universally, at least on 
any one machine. If standard threads were impossible, let standard 
nut-heads at least be kept to, and let every bolt of every kind have a 
screw-driver notch in its head to facilitate the initial stages of 
screwing i t  in, leaving the spanner to finish the tightening. 

With regard to ignition devices, there could be no question that 
the author was right in accentuating the importance of accurate timing, 
and, if i t  could bo simply and reliably done, of automatic timing. To 
get the best output from the engine, one might igniteat the best 
moment, at any other moment evil results followed, namely (a)  either 
the crank-pressure was excessive, without any adequate return of 
useful w o ~ k  ; this occurred with early firing : or (6) the maximum 
pressure occurred too late, and the combustion was not complete 
when the exhaust opened (with smell and waste of fuel); this 
occurred with late firing. The finding of the happy mean was left 
to the activity and skill of the driver in almost all motor cars, and 
he could only use the method of trial and error. When obliged by 
a hill climb to change his gear ratio, the driver (who had many 
levers to manage) was very often compelled to  use his engine 
inefficiently, firing the best of his pressure into the exhaust, and 
getting a diminished torque at the very moment when he wanted all 
his output. This arose from the increased Rpeed of the engine, 
attendant upon the use of the lower gem. The greater speed called 
for an earlier ignition, but tho driver was too busy to give it until R 
few seconds later. He then hunted for the ‘‘ best moment.” If he 
mas skilful, he obtained it soon, if not tho further slowing of the 
engine might compel him to drop to a still lower gear to avoid 
a stoppage by overload. This sequence of events was the more 
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objectionable, if the engine was really adequate for the work when 
doing its best duty at all times. The use of automatic timing 
was therefore that i t  enabled a smaller engine to yield a better 
average speed and efficiency; i t  secured the driver against waste of 
fuel and against heavy crank-pin stresses from premature explosions. 
Thc possibility of an automatic deviee turned upon the fact, not 
pointed out by the author, that in any engine having a combustion 
chamber of fixed volume fired from a fixed point (not in the centre 
of that volume), the maximum pressure occurred at  practically a 
fixed time after the ignition. 

He did not think that, i f  the author had been as deeply concerned 
in  the motor bicycle as he was in the larger automobile, he would SO 

readily dismiss the floating straws of help, which were held out in 
the shape of catalytic ignition, to the designer of the motor bicycle. 
T o  carry accumulators, coils, and sparking plugs, and electric timing 
gear weighing together about one-eighth of the weight of the entire 
vehicle, and occupying one-quarter of its entire volume, was a serious 
matter, and if this weight could be reduced to three ounces and the 
volume to that of the sparking plug, there would be an extraordinary 
enthusiasm among cyclists which would help them to tide over the 
initial dificulties and failures. 

Captain Longridge later drew attention to a point which had 
rarely, if ever, been publicly dealt with before, namely the 
adjustment of the duration of electrical contact in proportion to the 
speed of the engine. Usually the primary circuit of the ignition 
coil was closed, only while an uninsulated rotating segment made 
contact with the brush. If the segment was wide enough to give 
sufficient duration of current for a good explosion at high engine- 
speeds, the duration of contact was needlessly great at low speeds, 
sometimes in the ratio of 4 to 1. I n  order therefore to fire properly 
at  top speed anything up to four times, too many electrical units 
mere wasted whcn travelling slowly. Hence the capacity and 
consequent weight of the accumulators was twice or thrice greater 
than need be on a rational system of contact-making, such as he 
outlined. Having clearly understood this point, one was surprised 
t o  find the author complaining that the mileage claimed for 
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accumulators by their manufacturers was never obtained. Clearly it 
depended on the speed at  which those miles wcrc cowrod. The 
accumulator-maker could possibly guarantee it, and he expressed his 
storage capacity on miles, solely because his lay purchasers simply 
could not understand amphre-hours. 

When the author suggested that a slightly higher compression 
should be obtained in the engine than was intended to be used at the 
moment of firing, he touched difficult ground. It might be taken as 
proved, that tho fuel effieicncy of an ‘‘ Otto ” engino, when ignition 
mas supposed to occur at  constant volume, depended-paradoxical as 
it seemed-on the compression-pressure at the timc of ignition, 
rather than on tho maximum temperature attained on explosion. 
From this it followed that a well-designed enginc mas morkcd at the 
highest compression which could be obtained at  slow speeds from the 
fly-wheel, and which could be relied upon not to produce pre- 
ignition, say, frcm GO to 90 1Ls. pcr square inch. Therefore a very 
good reason indeed miwt be given for sacrificing any part of this 
efficiency, after i t  had bcen eaxned by the negative work of 
comprcssion. His reason appeared to be chiefly to avoid excessive 
crank-pin pressures, and experience tended to show that these did 
not exist with the ordinary motor-car engine, save on the occasion of 
a mistake by a driver. He himself had suggested the best way to 
avoid such mistakes by automatic timing. 

Mr. J. D. ROOTS said the Paper mas so rich in opportunities for 
criticism that, aa his time was limited, it was only possible to deal 
with two or three of the numerous points inviting criticism. At the 
bottom of page 66‘3 there were the words ‘‘ Iioom for a longer stroke- 
a requirement for the use of alcohol and heavy oils.” He  did not 
know if that was a misprint ; if it was not, it distinctly implied that 
f i  greater expansion was obtained with f i  longer stroke than with a 
fihorter one in the Otto cycle. That was certainly an error, possibly 
a popular one, but one which he did not expect to meot with in this 
Paper. 

Captain Longridge apparently was a believer in the benefit 
arising from retention of the exhaust. IIe had imagintd that that 
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was an idea which had long ago been exploded, and hc was rather 
surprised to sec it cropping up again. I f  one were going to retain a 
portion of the exhaust with the new charge, solely to reduce powcr for 
governing purposes, there might be some advautagc, but he did not 
think that, perhaps with the exception of Mr. Grover, any 
experienced engineer would say that there was any benefit arising 
from the retention of the exhaust in any internal-combustion engine, 
from the points of view either of efficiency or of power. I t  was 
very much like that doctrine of stratification of which one heard so 
much years ago, but which he hoped was now buried. 

There was a paragraph (page 675) commencing “While the 
majority of makers have becn caught by the drawing office ’ solid- 
head water-jacketed design, a few more practical makcrs, such as 
‘ Panhard,’ ‘ Mors,’ and Napier,’ have foliowed the plan of casting 
the cylinders separate, and adding a light aluminium, or rolled metal, 
water-jacket.” I n  1893 when he (Nr. Roots) made, as hc believed, 
the first vehicle motor (with the exception of Mr. Butler’s) which 
was constructed in this country, one of which he exhibited in  1894 
at the Stanley Show, the engine had that form of jacket, sheet metal 
pressed on to thc cast cylinder. So there was nothing very novel 
about that. The reason why at that time he did not use the 
cylinder cast with the jacket was, because it was almost impossible 
to get them without blow-holes and flaws. Now that he was able 
t o  get them, he was among those who went in for what was called 
the c 6  drawing-officc solid-heed cylinders,” and he vias only too glad 
to get them. One heard continuous compiaints about rapid wear 
upon thc spindlcs of the ordinary mild-steel valves, but he bclicved 
that that wear was almost entirely due to the insufficient area of the 
valves and ports. I n  those engines in which there was ample area 
of valves and ports, he did not think that occurred, at all events that 
was his experience. He thought also i t  would be the experience of 
makers of gas-engines. I n  the petroleum-spirit engines, the French 
makers commenced to manufacture with restricted port and valve 
area design, and they got burned-out spindles and pitted valve- 
seatings. 
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The author had quoted some formulac of his, Mr. Roots’ 
(page 685). He had reason to know that those formuh were fairly 
widely used in  this country, and he had understood also that they 
were used in one other country. After two years’ further experience 
since the article was written in which the formulae were published in 
“ T h e  Engineer,” he did not think there was anything he would 
modify in them, with the possible exception that with a very 
rapidly-opening exhaust-valve-that is, with a sharp boss upon the 
cam, a little less than one-fifth of the stroke might be required at 
the stated number of revolutions, following the formula. Captain 
Longridge said the formulae were 6‘ incomplete,” because they did 
not state the resulting velocities of the gas-flow. But he had 
apparently overlooked the fact that, with varying engine revolutions 
or  piston speed, there would necessarily be varying velocities of the 
gas-flow. He next said they were defective, because apparently they 
assumed a discharge at equal pressure in all cascs. That was 
precisely what they did not do. Had the author read the 
paragraph which appeared prior to the fonnulac in that article, he 
would have found i t  stated that the velocity would differ in the 
same engine with different fuels, and, given the correct proportion of 
valves and ports which could be obtained from those formula?, a 
designer could work out for himself the velocity of the gas-flow 
when designing a particular engine. I t  was clearly stated in a 

previous paragraph that the diffcrent fuels wouid give differcnt 
pressures with those formula?. 

The automobile journals of the present day did not attempt to 
distinguish at all between the “ carburettor ” and the “ vaporiscr.” 
The present Paper treated them in the same way-it did not 
discriminate. Before 1896, when automobiles were first used in 
this country, engines using coal gas, petroleurn spirit, and petroleum 
oil had been in use in this country for some considerable time, and 
the carburettor was recognised at that time, and since, by internal- 
combustion engineers, as applying to apparatus for tho mixing of 
petroleum spirit and air, while the word vaporiser was, and is, in 
general use as applying to the apparatus for heating and mixing 
petroleum oil and air in an internal-combustion engine. 
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The author rcferred (page 737) to an experiment for mixing in a 
small tin vessel six drops of petroleum spirit with air, and proceeded 
to makc comparisons between what might take place in an engine 
and what took place under those conditions. I t  appeared to him 
(Mr. Roots) that there was no comparison whatever. In  the engine 
the explosive mixture was under compression, while in tha tin 
vessel there was no compression. I n  the engine one had the 
mixture of spirit and air in approximately the correct proportions ; 
in the tin, two, or four, or six drops of spirit were put in 
haphazard. Indeed, all the conditions and circumstances (Jf this 
80-called scientific experiment with the tin were as different as they 
could possibly be from those which would take place in the engine, 
a comparison from which the author had made a deduction 
which could not be maintained, and was clearly without foundation. 
He ventured to think that this was one of those scientific experiments 
which were not to be encouraged, and he was not surpriscd that 
the author was not quite ‘‘ satisfied ” with the result. 

The author had also said (page 737) thnt Messrs. De Dion and 
Bouton had patented a ‘‘ self-igniter consisting of a small cylinder in 
communication with the main cylinder,” in which a piston compressed 
a little of the mixture, and the ignition striking back fired thc 
charge. I t  might be interesting to note that he himself had invented 
an ignition arrangement of a similar kind in 1896. 

Mr. H. G. BURFORD said he thought the members owed Captain 
Longridge a debt of gratitude for bringing this very important 
subject before them. He agreed with one of the previous speakers, 
that the matter of the engine was not of such great importance as 
one would imagine from the remarks and criticisms which had been 
passed on the Paper. He also agreed that the majority of 
complaints and troubles which occurred mere connected with 
transmission, ignition, and cooling ; these were met with in constant 
work. However, the Paper would no doubt interest mechanical 
engineers in the country, and it would be interesting both to users 
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and engineers in England, if the subject of motor cars and their 
manufacture were taken more seriously to heart, instead of the 
industry practically drifting into thc hands of people who were 
inexperiencod in regard to mechanical effort or manufacture. From 
the Paper and from speeches one heard, i t  was declared necessary in 
many cases to go abroad for springs, axles, and other parts of cars, 
which it was said could not be obtained in this country. He was an 
Englishman to the backbone, and he believed firmly that if the 
English makers were given the chance, and approached in the right 
fashion, they would not be behind the French and German people in 
manufacturing those requirements. 

An important point in the matter had not been touched upon, 
namely, that in the Gordon-Bennett contest a British-made car, one 
which was solely made in England in regard to springs, frame, 
engines, body, wheels, and every component part, won, and placed 
Englishmen in the possession of the cup. Automobilists, especially 
British, were proud to think that they possessed a car which held 
the premier position in the world. He thought English manufacturers 
shouId be given the same faciIities or chances which the French or 
German nations possessed, and then there would be no doubt that 
they would hold their own and beat foreign competition. 

He could speak for a long time regarding the valves and other 
matters which had been touched upon by other speakers, but he 
thought the engines of motor cars had been quite sufficiently dealt 
with. The automobile induthrg in this country had only touched 
upon the f'ringe yet. He had been associated for some two years 
with heavy forms of traction, and the inquiries which his firm 
received for that form of traction-engine were very numerous. He 
was a great believer in the internal-combustion engine as against the 
steam-engine for traction purposes. He had examples in which the 
internal-combustion engine bad held its own against steam-engines, 
and the firm with which he was associated were building lorries for 
next year's work which would carry five tons, six tons, and even ten 
tons, and also machines for running on rails to take the place of 
electric tractors. He thought at the present moment there was 
scarcely an English firm which was turning its attention to heavy 
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traction in petrol lorries, but there was a very great field for the 
English engineer in that direction, as well as for the manufacturer 
of the component parts if they mould only turn their attention to 
these matters. 

Mr. W. F. MAXWELL WILLIANS said the remarks he intended to 
make really had nothing to do with the subject-niatter of the Paper, 
but referred to the title. The automobile in this country might be 
divided into three classes ; firstly, the automobile used for business 
purposes, which he would compare with the cart-horse ; secondly, 
the automobile used for pleasure purposes, which might be compared 
with the carriage-horse ; and thirdly, that class against which the 
police were waging a war of extermination, which he would not 
compare with the racehorse, bccause that noble animal might object. 
There was a fourth class about which little was heard, namely, the 
automobile for military purposes. He thought there was no doubt 
that the field artillery of the future would be of a very different class 
to what it was at the present tinic ; it wonld hove a greater range, 
would throw a heavier projectile, the gun also would be much 
heavicr, and the present gun-teams would certainly not be able to 
tackle such heavy guns. He supposed that, in the near future, thc 
cart would be put before the horse, and the gun would go into 
action on its self-propelled gun-carriage, muzzle leading, or, as an 
American mould say, “ business end first,” which, in these days of 
quick-firing, would appear to be the most sensible way. 

He had risen for the purpose of suggesting that i t  might bc 
worth while for motor-car makers to produce suitable dcsign of 
motor-cars for military purposes, such as gun-carriages or ammunition 
wagons. He knew perfectly well what the answer to that suggestion 
would be, and he was afraid there was a great deal of truth in it, 
which was that they would not get much encouragement from thc 
War Office. He ventured, however, to predict, with a11 respect to 
the War Office, and combining a little Scottish caution with a little 
Irish logic, that the War Office of the present would, in the future, 
be a thing of the past. There was no doubt, as one speaker had just 
said, that details were very important and special details would be 
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requirod in the motor for military purposes, For instance, a gun- 
motor would have to be a first-rate hill-climber. If an officer of the 
Royal Horse Artillery was asked what the greatest angle was up 
which his team of horses would drag a gun he mould probably point 
to a wall for an answer, and he (the speaker) verily believed that if 
that wall had a little batter,” and there was an enemy on the other 
side, the officer and his team would get their gun to the top. A motor 
was required, therefore, which would take a gun up a very steep 
hill, and the gun-motor of the future would have to rival the goat in  
its scrambling powers, just as in the past the motor car had surpassed 
that animal in the loudness of its bleat and the vileness of 
its smell. 

Among other necessary and important characteristies was speed, 
and he was sure no policeman would be found to swear that the gun 
was going more than’five miles an hour if i t  scorched into action to get 
the first round away, or raced after a flying enemy to give him a parting 
shot. For the military motor no excuse need be urged for excessive 
speed ; i t  would be a virtue, not (L vice. There was another animal, 
the sea-shore crab, whose strong points might well be imitated in  
designing such a motor. Old Mother Nature had fitted that animal 
with an excellent reversing gear and a steering gear of which any 
tug skipper might well be jealous. I t  was a very necessary thing 
that a motor for military purposes should be able to stop suddenly, 
but that would be a serious matter, because a motor-gun carriage 
would naturally be very heavy; it would weigh not 15 cwts. but 
probably 4 or 5 tons or more. I t  would also have to be easily 
steered, that being of great importance in the manmvring. The 
crab also exhibited another characteristic worth imitating, for when 
he had taken up a good position he got his little digger ” gear to 
work and quickly disappeared from view. I f  to the gun-motor 
carriage some such arrangement was attached for rapidly entrenching 
or throwing up a slight breastwork, i t  would be of considerable value. 
Very little had been said in the press about motor cars for military 
purposes, and he was sure no two members of the Institution could 
give a better opinion on what he had suggested than Captain 
Longridge, who was an old artillery officer, and the President, to 
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whom the country owed so much for valuable information on heavy 
ordnance in the columns of ‘‘ Engineering.” 

The PRESIDENT announced that Mr. Crowden had forwarded a 
number of models and drawings which he wished to show to the 
members after the discussion (Plate 80, and page 842). 

Captain LONGRIDQE, in reply, said i t  was very pleasant for him 
to rise, feeling that, as he had reason to open the discussion with 
words of thanks, so he now had further motive to close it with an 
expression of gratitude to the President and Council for kindly and 
generously extending the time allotted to the Paper, and to all the 
members who, by a numerous and continued attendance, had given 
tangible proof of the importance of the automobile industry, and, 
by their remarks, had shown the careful consideration devoted to 
its many problems. He recognised that much useful information 
could and would have been offered by other speakers had time 
permitted. He begged those gentlemen earnestly, very earnestly, 
not to deprive the Institution of their views and advice, but to 
convey them in written communications to the Secretary, so that 
when the discussion was printed it might form a varied and valuable 
contribution to the literature of the industry. His reply to the 
remarks which had been made must be brief because time pressed, 
and he had still to give the promised information on steel cylinders, 
and in connection therewith two metallurgical superstitions to 

confuto. 
Taking the remarks in the subject order of the Paper, the first 

referred to the title. From the insistence of three speakers on that 
point, he could but conclude tbat they desired not only a description 
of the cars, such as he had already explained was regularly and fully 
given by an admirable automobile press, but further a superadded 
critique. If those gentleman had reflected they mould have 
recognised that, 85 a director of one company, it was impossible for 
him to publicly criticise the productions of that company ; and in 
such case equally impossible, or at  least very bad taste, to criticise 
those of its competitors. But apart from that, had he written a 
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Paper of this description, tantamount to an assembly-call to makers 
to come and cry their wares, he thought the Council might vcry 
properly have refused its acceptance as foreign to the scope of the 
Institution. But indirectly, analytically he had described and 
criticised all their cars; he had dissected them, and, laying the 
disjointed members before the meeting, had invited those present to 
say where each detail was at fault and how it could bc improved, 
thus enabling them by mental synthesis to re-assemble the improved 
pmrts and build up a conception of the ideal car which was the one 
and common object they had in  view. 

Before further proceeding with his reply hc thought i t  would be 
better for him to deal separately with Mr. Holroyd Smith's remarks, 
trusting this gentlemen would take in a friendly spirit what he 
said. I t  was evident that Mr. Holroyd Smith had scarcely read the 
Faper. He had first animadverted on Fig. 4 (Fage 683) which he had 
entirely misunderstood. I t  was not a question of giving increased 
outlet for the gases, but a question of getting uniform outlet. By 
countersinking the valve, a uniform discharge all round was obtained 
which prevented the tilting action and the burning on one face. 
With regard to Fig. 5 (page 683), Mi,. Holroyd Smith had evidently 
not read the foot-note. With regard to Fig. 6 (page 684), the triple 
valve, Mr. Holroyd Smith had again not read the Paper. The 
author had not asserted that there was 50 per cent. greater outlet ; 
what he said was that the makers claimed to have it. With regard 
to Fig. 10 (page 706) he had not adviscd tho members to adopt those 
particular devices ; they were merely illustrations of what had been 
done in that direction. I n  every case his critic had said that tho 
devices were ancient. Every one of the devices illustrated in the 
Paper was taken from cars of 1902. Most inventions were evolutions 
of old ideas. Let Mr. Holroyd Smith suggest something newer and 
something better. In his remarks on technical teaching, Mr. Holroyd 
Smith had accused the author of favouring retention of the exhaust. 
H e  wished to make his position clear on that subject. I n  his own 
particular engine he could only partislly get rid of the exhaust. 
Therefora, naturally he was making the best of it. He drew in a 
full charge of air on the side of the piston where there was no 
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exhaust, and he transferred the full volume to the combustion 
chamber, and there the residual gases served merely to increase the 
compression and heat the charge, thus improving its inflammability 
and combustion-two distinct advantages. I n  general, he thought 
tho disadvantages of retaining exhaust gases in  petrol motors 
were overrated. These gases added heat and were rarely inert. 
Mr. Holroyd Smith had asked what was high compression. 
He. (Captain Longridge) thought that his Paper was addressed to 
engineers who understood what high compression in oil engines was. 
Mr. Holroyd Smith had also evidently not read the Paper with 
regard to Nr. Roots’ valve formuliE, because, instead of advising the 
members to adopt these formullt?, he (Captain Longridge) had found 
certain faults which Mr. Roots had that evening taken the trouble 
to explain. Mr. Holroyd Smith complained that attention had not 
been drawn to the dangers of water in the charge. He (the author) 
did not know what dangers there were. I f  a hole was made in the 
cylinder and water was let in possibly there might be dangers. The 
speaker also thought that the composition of the cylinder metal had 
nothing to do with 1902 cars. He (Captain Longridge) thought 
that one of the most important points in the cars of today was the 
composition of the cylinder metal, because so many makers used 
water-jacketed cylinders which were exceedingly difficult to cast. 
Mr. Holroyd Smith also twitted him with prophesying about his 
engine without even giving the working drawings. They were not 
given, simply because they were not completed until the present 
week ; in addition there were other reasons why they should not be 
given. No prophecy was made with regard to his own motor, the 
prophecy, if any, was his belief that the impulse-every-revolution type 
of motor was the one which would eventually be adopted. 

He would now return to remarks made earlier in the discussion. 
With regard to the two-piston one-cylinder engine, Mr. Iden, 
Mr. Beaumont, and, he thought, Mr. Austin, considered that type 
objectionable, because it was complicated. I t  seemed to him that 
the word ‘‘ complicated,” as implying something that was intricate 
and liable to derangement, was not in place. That type of engine 
had fewer valves, and, although there were additional connecting- 
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rods, these mere simple parts, and in light motors were not so 
objectionable as in heavier engines. I t  was certain that this class of 
engine, both in its vertical and horizontal form, had done excellent 
work, demonstrating the value of ‘‘ balance ” and impulse every 
revolution ; the economic merits of rapid and extended expansion, 
with the mechanical advantage, as Mr. Lncns pointed out (page SOZ), 
of constant bearing thrust. I t  might interest thc members to know 
that, in the recent Xew York 500-mile Reliability Trials, this type 
of engine had elicited in the Amcrican press special commendatory 
notices.* 

With regard t o  horizontal arid vertical motors, Mr. Iden, 
Mr. Beaumont, and Mr. Austin held that there was not much to 
choose between the two positions, although the last-named speaker 
claimed greater security in water circulation for the horizontal 
engine. There might be suggested, for the consideration of the 
members, another more important point of differcnce, namely, the 
Gcility the horizontal position gave for obtaining the same power 
with a longer stroke, slower speed, and therefore probably lower 
fuel consumption. This he would explain in his written rcply 
(page 887). All threc speakers held that the choice between the 
two positions was chiefly a question of transmission. That was 
a very important observation. I f  it  implied any subordination of the 
motor to the transmission, the principle mas, he thought, erroneous, 
because the motor must come before everything, and its evolution 

* “ A  number of tho most important American manufacturers have settled, 
after extensive experimentation, upon the opposed-cylinder slowspeed motor as 
the type embodying the greatest flexibility, reliability, and freedom from 
vibration, consistent with an avoidance of undue complexity and multiplic~tion 
of parts, and it must naturally be a matter of regret to them to be forced by 
popular demand to disciLrd this well developed type. There are two or three 
well known American manufacturers who arc accomplishing splendid results 
with this form of motor, having a powerful balance-wheel. They were the very 
beat hill-climbers in the ‘bunch,’ and made a far better showing in thi3 regard 
than did the continental types of like rating.”--Hordess Age, 23th October 
1902, page 467. See also ditto, 15th October 1902, page 404 et seq. 
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must be studied with a view of bringing the distance and the 
number of parts between the motive power and its work to the 
irreducible minimum. He considered Mr. Lucas was a manufacturer 
who had embarked on a distinctly progressive course in  the 
elimination of change-speed gear. The members must all wish 
him success, because success meant to everyone a bridge over a nasty 
pit-fall. I t  appeared, from tho French press, that one of the  
surprises of the forthcoming Paris Exhibition of Cars would be that 
of Messrs. Charron, Girardot and Voigt’s car, from which all changc- 
speed gear had been eliminated. With regard to the author’s 
impulse-every-revolution engine, Mr. Beaumont and Mr. Sennett, 
the latter of whom referred to the Butler enginc (page 794), thought 
the motor resembled a number of similar attempts. H e  was under 
the impression that both those gentlemen were confounding his 
motor with a fairly common type, in which, as in  the Butler engine, 
the charge was received on the front end of the cylinder, transferred 
to a receiver, and then expanded into the explosion end. That was 
quite a different cycle, and one which he considered was open to 
several objections. Professor Burstall (page 771) attributed to the 
author’s engine, perhaps inadvertently, the defect of rarefieation or 
diminution of the incoming charge by cylinder temperature. Tha t  
was a defect inherent in the Otto cycle, but absolutely eliminated in 
his engine, the air being received on the cool side of the piston in 
one cylinder, and then pumpcd without any possiblo loss of weight. 
into the combustion chamber of the other cylinder. Thereforc the 
temperature to which the air was raised while entering the 
combustion chamber was quite immaterial. Mr. Beaumont 
(page 764), whilc favouring increase of impulse, thought i t  was 
better obtained by a multiplication of cylinders. For many obvious 
reasons, partly enumerated in  the Paper, he (the author) held a 
distinctly opposite opinion. He agreed with Mr. Sennett that 
double-acting motors, with explosion on each side of the piston, were 
not likely to prove satisfactory. Dealing with piston speed, 
Mr. Beaumont remarked i t  was not 8 question of piston sped,  
but of the number of revolutions. I f  Mr. Beaumont intended 
to  infer that not only piston speed but also the factors of durability 
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and negative work, involved in au increased number of revolutions, 
were to be considered, he was quite right, and attention was expressly 
drawn to those facts in the Paper ; but if he meant that piston speed 
was of minor importance to those factors, he was undoubtedly wrong- 
AS Professor Robinson properly pointed out, piston speed was vital, 
because, on the one hand, there was a lower limit necessary for 
efficiency, and, on the other, an upper limit, beyond which the 
explosion and combustion were seriously affected. 

In  connection with cylinder material, ho was afraid ProIessor 
Hiorns had undeservedly suffered for his (the author’s) sins of 
omission. He ought to have stated that Professor Hiorns’ suggestion 
of hematite was made on the assumption that the cylinder would be 
cast separate, and, a light jacket being added, the saving of weight 
would thus admit of greater wall-thickness, while the simpler 
casting would lessen the risk of blow-holes. There was no doubt 
that a ground cylinder of that material would present an excellent 
running surfaco. He apologised to Professor Hiorns for his want of 
explicitness, and agreed with him as to the excellence of the running 
surface of the material suggested. Some additional information on 
steel for cylinders had been promised, and, with the permission of 
the President, he would, on finishing his reply, return to that 
important and interesting question. 

Both the automatic inlet-valve and the jet carburittor were 
advocated by Mr. Beanmont and Mr. Austin, becaiise they were 
simple. If the speakers bad said ‘‘ looked simple ” he would have 
been at one with them ; but, when the internal troubles of defcctive 
volume and imperfect mixtures, due to erratic working of the valve 
and jet, were considered, as they must be, neither device  as simple, 
but, on the contrary, fraught with complications. No doubt 
simplicity of look was the selling point with an ignorant customer ; 
possibly both speakers were viewing the question from that 
standpoint. There was not sufficiept time to refer at any length to 
mechanical valves, but he would like to read two of a number of 
communications, received from different makers on the point. 
Messrs. Milnes, who were using large engines of 20 H.P. m d  over, 
wrote saying : ‘‘ We have used mechanically operated valves during 
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the last twelve months on our 20-H.P. engine with excellent results. 
We claim that we get a more regular mixture and an increase of H.P., 
also a very much smoother and quieter running engine.” M. Citroen, 
i n  writing with regard to the 1903 2-B.H.P. Minerva motor cycle, 
said, ‘‘ I should be greatly obliged if you will communicate my views 
and experience on the use of mechanically operated valves. These 
are to the effect that the opening of the inlet valve independently of 
the suction ensures a full charge, and that valve sticking is eliminated, 
while an increase of 15 pcr cent. to 20 per cent. of power is 
observed.” Subsequently, M. Citroen wrote as below.” I n  the one 
case, experience was given of the mechanically operated valve as 
applied to large motors, and in  the other to very small motors. Thc 
ground was therefore well covered. 

The extremely interesting remarks of Mr. Grover, Professor 
Burstall, Professor Robinson, and Mr. Sennett, on the residual gases 

(Captain Longridge.) 

* ‘‘ In  the case of the bicycle motor, one of’ the greatest difficulties we have had 
to contend with, doubtless common t o  all mannfacturcrs of small engines for this 
purpose, is of obtaining suEcient power for hill climbing, when running dead 
slow, without providing an engine unnecessarily powerful for ordinary use on 
flat or average roads. The difficulty we found was that with a spring on the 
admission valve, sufficiently strong for quick running, a very small charge of 
mixture is taken per stroke when running slow, consequently minimum power 
when maximum is wanted. This is caused by the late opening of the admission 
valve, as a slow engine of short stroke lifts a spring-controlled admission valve 
later and later in the stroke as the revolutions decrease, and vice uersd. 
Theoretically this should not be so, but when the treatment of tbese little 
engines by the majority of their users is considered, particularly as to nant of 
care in lubrication, and occasional overliesting, it is nut to be wondered that 
wear of cylinder and rings rapidly reduces the force of the suction stroke and 
also of the compression. 

‘‘ 9 careful consideration of these points, together with exhaustive tests 
of engines on the brake, artificially cooletl by means of a faxi so as to approximate 
working conditions, has amply justified our hypothesis, bearing in mind that for 
bicycle propulsion, regulation of the spring of the admission valve when 
running is inadvisable as  adding complication, and a governed engine fitted 
with clutch and two-speed gear is a piece of apparatus that, in  my opinion, 
would hardly be calculated to give satisfaotion, unless in the hands of an 
engineer of experience who was also a skilled trick cyclist.” 
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and water in the charge, mould be dealt with later in the written 
reply (page 888). 

With regard to ignition, he quite agreed with Professor Burstall 
(page 770) that a magneto, or even a dynamo with a starting battery, 
was much to be preferred to accumulators. It was rather noteworthy 
that nearly all large continental commercial engines had practically 
adopted a magneto lorn-tension system of ignition. I t  was regrettable 
that no speaker had gone more deeply into the questions of magneto 
ignition, and also of the point at which ignition was applied, because 
a great deal remained to be learned on both points. If Colonel 
Holden had been present, he mould probably have mentioned some 
very curious things connected with the effect produced on the charge 
by firing at different points. On the proposition of the Paper that 
exhaust governing was more economical than volume throttling, 
Mr. Iden raised a by-question, namely, that the former system led 
to cylinder fouling by a retention of the exhaust gases. He (the 
author) had examined a number of cylinders of motors run on the 
" hit and miss " system with the exhaust retained in the cylinder, 
and had never observed undue fouling. I n  answer to some inquiries, 
addressed to firms using governing on the exhaust, the following 
replies had been received. The Motor Traction Co. wrote :--" The 
only experience we have had with motors governed on the exhaust 
haa been with the German cars, and from our experiments with these 
we agree with you as to the economy of this method of governing 
over that of throttling on the inlet. As to the objection that you say 
is urged against governing on the exhaust, in all the German cars 
that we have sold we have had no complaint or any trouble arise 
from fouling of the cylinders and valves. We have just had a car 
at the works to overhaul which has been driven a large number of 
miles daily for the past five or six months, by a gentleman from 
South Africa who has been touring this country. This car is a 

four-cylinder 15-H.P. car, and the cylinders are quite as clean of the 
effects of fouling as in any car governed on the other system, of 
which me have, of course, had experience." The Xanager of the 
Humber Co, wrote as follows :-'' I do not think there is any doubt 
but that governing on the exhaust is more economical than governing 
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on the throttle, but the latter is more advantageous than the former. 
One objection to governing on the exhaust is that, if the car is 
standing with the engine running for any length of timc, the 
sparking plugs of the two cylinders which are cut out (I am speaking 
now of a four-cylinder engine) are liable to get fouled with the 
lubricating oil which works up through the piston rings. Governing 
on’the throttle obviates this, as, when the engine is working, all 
four cylinders are in. Governing on the exhaust does foul the 
cylinders and valves.” This fouling was not due to the retention 
of the gases, but to the working up of the lubricant, and he (the 
author) thought that it was only possible when excessive lubrication 
was used. There was another interesting letter from the Gillet- 
Forest Company, in Paris, who governed entirely on the exhaust. 
They wrote briefly as follows : ‘‘ The special feature of our motor 
is a particular method of governing by the exhaust, The exhaust 
cam is so constructed as to allow of the exhaust-valve opening more 
or less, and also for a longer or shorter period. We thus secure a 
means of keaping in the cylinder a portion of the burnt gases that 
have just done work, which enables us to reduce appreciably the 
volume of fresh gas to be admitted. The first advantage, an 
economical one, is this : the exhaust-cam, actuated by the governor, 
only discharges as much of the burnt gases as is necessary, with the 
consequence that even a minimum fresh charge is sufficient to fill 
the cylinder.” A second advantage touched the point which 
Mr. Holroyd Smith did not appear to have noticed, but to which 
he (the author) drew particular attention in saying that one of the 
reasons why he did not think the presence of a residual gas was so 
objectionable was because i t  served to maintain the full compression. 
‘ The second advantage is that the compression remains constant, 

which is not the case with governing on the admission ; the efficiency 
of the motor is thus always at its highest whatever the quantity of  
fresh gas admitted.’’ ‘‘ The third very important advantage is to be 
found in the perfect lubrication of the piston-rings. I n  consequence 
of governing by the exhaust, which only partly causes a vacuum 
behind the piston during the admission-stroke, the atmospheric 
depression being less, there is no tendency of the oil to work up 
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from the piston rings. With regard to the heating of the cylinder 
we have never had to take this trouble into consideration." * 

With regard to lubrication, he thought Mr. Rainey's advice, to 
me, in the summer time, water in the crank-chamber, deserved very 
careful consideration. I t  had been tried in several cases in America, 
and the results had been very satisfactory. As a proof that 

* Letter to the author from the SocieW des Automobiles &llet-Forest.--" Kotre 
type de moteur est en effrt earacte'rise' par la regulation sur l'e'chappement trks 
particuli6re que nous employoos. La came d'bchappement est faite de telle 
fayon qu'elle permet l'ouverture plus ou moins grando et  plus ou moius 
prolonge'e de la soupape d'dchappement. Nous avons donc ainsi le moyen de  
conserver dam le cylindre une partie des gaz chauds qui viennent de travailler, 
ce qui nous permet de diminuer dans de notables proportions le volume des gaz 
h i s  'a admettre. 

" Un premier avantage, &onomiquc, est celui-ci : la came d'e'ohappemcnt 
commande'e par le re'gulateur ne laisse e'cliapper que ce qu'il faut de gaz brulb, 
ce qui permet neturellement de n'introduire que le minimum de charge frafche 
pour comple'ter la cylindre'e. 

"Un second avantago est que la compression reste constantc, ce qui n'a pas 
lieu dans le cas du rbglage sur l'admission ; lo  rcndement du moteur est ainsi 
toujours maximum, quelle que soit d'ailleurs la quantite' de gaz frais introduite; 
l'nllumage se b i t  toujours avec la meme facilit6, et  ceci en raison du phe'nombne 
bien connu et  souvent constate' de la stratification des couches gazeuses, 
c'est-&-dire du non-me'lange des gaz frais e t  des gaz chauds. Ces dernierx 
mivent le piston dans sa course re'trograde, laissant la place libre pour les gaz 
fruis aspirb, au fond du cylindre et autour de l'allumeur. Ces gaz frnis sont 
eux-m&mes dans d'excellentes conditions d'intlr+mmubilitc', &ant donne' qu'ils 
prennent rapidement par contact une partie de la chaleur que contiennent les 
gaz brule's rest& dans le cylindre. 

'' Un troisieme avantage, e'galement tr'es grand, rbide dans la perfection dn 
graissage des segments de piston. En raison de la re'gulation par l'e'chappement, 
q u i  ne provoque qu'un vide partiel derriere le piston lor8 de la course 
d'aspiration, la depression, &ant minimum, ne tend pas & aspirer l'huile en trop 
grande quantite' entre les segments de piston et les parois du cylindre; il n'y a 
pas 'a redouter d'esc'es de graissage au cylindre, ni, par suite, d'encrassage 
de bougie; nous n'avons jamais, p a n t  'a nous, reconnu un inconve'nient de ce 
gelire dans la construction jouruali'ere e t  le fonctionnement continuel de nos 
moteurs. (For contiuuation, see foot of next page.) 
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premature ignition could not proceed from the inflammation of 
lubricant vapour, neither the experiments of Mr. Rainey nor those of 
Professor Robinson appeared conclusive. Mr. Rainey's escessive 
me of lubricant would result, if anything, in over-saturated vapour 
difficult to ignite; while Professor Robinson's test did not exclude 

TABLE 4.-Exl~aust Valve Dimemiom. 
(French practice.) 

I1 Diameter of Cylinder. Diameter of Valve 
according to stroke. 

millimbtres. millimbtres. 
65 to 70 2-56 to 2.75 18-22-25 0*70-0*86-0*98 

75 to 85 2.95 to 3.34 25-28-32 0.98-1'10-1*25 

85 to 95 3.34 to 3.74 30-32-33 1.18-1.25-1.49 
i 

VALYE LIFT. 
For cylinders 60 to 70 mm. (2.36 to 2.75 inches), lift is 5 to 6 mm. (0'196 

For cylindcrs 70 to 90 mm. (2.75 to 3.54 inches), lift is 8 to 9 mm. (0'316 
to 0.236 inch). 

to 0.354 inch). 
PORTS, PIPES. 

Ports Nay be 5 mm. (0.196 inch) larger diameter than valve. 
Pipes may be about 5 mm. (0.196 inoh) larger diameter than port. 

" En ce qui couccrne le chauffage du cyliudre, nous n'avons jamais eu k nous 
prGoccuper de cet inconve'nient, qui n'existe pas dans nos motcurs, en raison ds 
notre systkme particulier de  refroidissement par ivaporation, qui nous donne 
absolument tonte satisfaction, et qui ne comporte n i  pompe, ni  thermosiphon. 

" En resume' et pour re'pondre nettement B vos questions : 
" 1. I1 est indgniable que le syst'eme du re'glage par l'gchappement procure une 

6conomie notable, ainsi que l'ont prouve' nos voitures dans tous les concours 
officiels de consommation, 06 elks se sont toujours placks au premier rang ; 

'' 2. I1 est inexact que ce systbme provoque le chauffage et  l'encrassement du  
cylindre. Tout au moins, ceIa ne peut pas arriver dam un moteur 
monocylindriquc horizontal bien dttudi6 et bien constmit." 
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TABLE 5.--lnZet Value Dimendons (French practice). 

Diameter 
of 

Valve. 

Diameter 
of 

Cylinder. 

Diameter 
of 

Pilie. 

111111. 

GO 
65 
70 
70 
75 
75 
so 
80 
85 
85 
90 
90 

I 
I 

' 

I 

iuclies. 
2.3G 
2-56 
2.75 
2.75 
2.95 
2.95 
3.15 
3.15 
3 .31  
3.31 
3 .51  
3 .54  

18 to 20 
20 to 22 

22 
23 
24 
25 
27 
28 
29 
30 
33 

Stroke. 

lllln. 

$0 
75 
SO 
85 
90 

100 
120 
140 
140 
150 
150 
1 GO 

iuclics. 
2.75 
2-95  
3.15 
3.34 
3.51 
3 . 9 3  
4.71 
5.49 
5.49 
5.89 
8.89 
6.29 

mm. 
15 
1s 

19 to 20 
21 to 22 
22 to 23 

23 
24 
25 
2G 
27 
28 
30 

inches. 
0.59 
0.70 

0'75 to 0.78 
0-82  t2 0.86 
0.86 to 0.90 

0.90 
0.94 
0.98 
1.02 
1.06 
1.10 
1.18 

VALVE LIFT. 
For cplinders 70 to 90 mm. (2'75 to 3.54 inches). lift is 5 to 6 nun. (0.19 to 0.24 inch). 

INLET PIPE. 
,The diameter shoulci be 2 to 3 iniii. (0.07 to 0.12 inch) greater tha& valve tliameter. 

inches. 
0.70 to 0.78 
0.78 to O.SG 

0.86 
0.90 
0.94 
0 98 
1.06 
1.10 
1.14 
1.18 
1.25 
1-37 
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the possibility of the lubricant vapour entering the vaporiser and 
there igniting. Several speakers had expressed views confirmatory of 
opinions offered in the Paper, and he was pleased to find that he was 
i n  accord with these members. 

I n  response to a request for information on valve dimensions, he 
submitted Tables 4 and 5 (pages 834 and 835) given by the French 
author, G. Knap (Les Secrets de Fabrication de Moteurs it Essence), 
and he might mention that other Tables were given by Nr. T. H. 
Hawley (Motors in Principle and Practice). 

He now wished, in the joint names of the members and for their 
joint interest, to thank the professorial body which had been so ably 
represented at  the discussion. There was no one for whose opinions 
they had more respect than that of the professor ; they appreciated 
his talents, his bent for research, his freedom from the bias which 
manufacturers developing one or other system were so liable to 
acquire, and they recognised also the great services which he had 
rendered to other trades where his aid had been sought. In 
tendering their thanks to the profeasors, he felt sure that all the 
members would join with him in asking their continued aid for the 
motor industry. He was pleased to communicate that Dr. Glazebrook, 
of tho National Physical Laboratory, had written saying that he 
would try and give attention to the much-needed determination of 
the specifio heat of petrol vapour, while Dr. Stanton had informed 
him that he was completing a testing machine for experiments on 
repeated and reversed stress, from which the members might hope to 
& & n  much valuable informatioa. Professor Turner, Professor 
Burstall, and Professor Robinson, by their attendance at the 
discussions had shown their practical interest in  the difficulties of 
the motor-ear industry, and he was certain he expressed the 
sentiment of the meeting when he gratefully thanked them for it. 
Finally he turned to the distinguished President and Council of the 
Institution, and with all the earnestness at  his command, supported 
by the example of the professorial body, and appealing to the 
formidable array of living testimony of the importance of the 
industry, he again presented the petition with which his Paper 
concluded. If funds were required to extend the Gas-Engine 
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Research Committee to the Petrol Motor, he felt sure that if the 
points of research were such as appealed to the trade and impressed 
them with their practical importance, those funds would be 
forthcoming. Why ? Because the solution of such problems would 
cost individual manufacturers far more time and expense, than if the 
investigation were carried out under the auspices of this Institution. 

Going back to the subject of steel for cylinders, the firms to 
which inquiry on that subject was addressed were the Weldless Steel 
Tube Company, of Birmingham, Messrs. Krupp, of Essen, and Mr. 
Ehrhardt, of Diisseldorf. I n  the first instance those firms were 
asked to supply an analysis of the steel they recommended and were 
in a position to supply, and the results were shown in Tables 6 and 7 
{page 838). With regard to the analysis of the Weldless Steel 

TABLE 6. 

Carbon (by combustion) . 
Silicon , . . . 
Sulphur . . . . 
Phosphorus . . . 
Manganese . . . 
Copper . , . . 

Weldless Steel Tube Go. 

per cent. 
0.116 too-080 

0.009 ,, 0.005 

0.003 ,, 0.008 

0.001 ,, 0'001 

0.263 ,, 0.441 

- 

Krupp and Co. 

per cent. 
0.15 

0.10 

0.05 

0.06 

0.50 

0.10 

Tube Co., a question arose as to whether there was a commercial 
supply of steel of that kind, and in reply to his enquiry, Mr. Lloyd, 
the chairman of the company, wrote :-'' I t  is a certified analysis of a 
low carbon charcoal steel of basic quality, of which we use large 
quantities, but I should not take i t  as a standard; the silicon, 
sulphur and phosphorus are quite exceptionally low. We do not 
consider exceptionally low silicon a special merit. I n  English steel 
of good quality you would expect to find the phosphorus and silicon 
considerably higher." At a later date the firm submitted the 
following analysis of a harder steel :- 

3 L  
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.TABLE 7. 

Carbon . . . . . 
Silicon . . . . . 
ManganeEc . . . . 
Sulphur . . . . . 
Phosphorus . . . . 

per cent. 
0.42 to 0.5s 
0.30 ,, 0.35 
0.52 ,, 0.50 
0.012 ,, 0.012 
0.029 ,, 0.029 

In reply to a communication from the author in regard to Messrs. 
Krupp’s analysis, Professor Turner wrote :-‘‘ There is no doubt 
Erupp’s give a good composition for the purpose. The metal would 
be tough and quite high enough in tensity for all requirements. 
Higher carbons present more difficulty in working, and are more 
subject to alteration due to temperature in working, etc. I question 
if Krupp’s do add copper. I t  is probably present in their metal, and 
may be regarded in such material as to some extent replacing 
manganese. I t  would not improve the running surface to any 
considerable extent, if at all. Phosphorus, sulphur and copper may 
be regarded in this analysis as unavoidable impurities not present in 
excess.” Enquiries were then made as to the ability of the firms to 
supply a high carbon steel if such were preferred. To this the 
Weldless Tube Steel Co. answered :-“ The highest carbon which we 
could supply wouId be approximately 60 per cent., and we consider 
this mould be amply strong enough for the pressure you mention, 
namely, 320 lbs. per square inch with a comparatively thin wall.” 
Messrs. Erupp replied by quoting for cold-drawn tubes of Siemens- 
Martin steel, having at least 7 per cent. of carbon, with a thickness 
of walls of 4 inch, that is, an allowance of material of a inch for 
machining. Both firms went into the question of price, Messrs. 
Erupp quoting roughly 41s. 6d. per cKt. for cold drawn tubes, 
Siemens-Martin steel with 0.15 or 0.35 per cent. of carbon, while 
for cold drawn tubes, Siemens-Martin steel of at least 0 . 7  per cent. 
carbon, the price per cylinder, 4 inches by 88 inches, worked out a t  
a little over 4s., the prices including delivery at any works in 
England. Both firms were prepared to supply sample tubes. It 
could not, therefore, be said that steel cylinders were costly or  
difficult to obtain either of low or of high carbon steel. 
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There was another interesting possibility, namely, that nickel 
steel might turn out the best of all materials. On 31st October, 
Mr. F. H. Lloyd, the chairman of the Weldless Steel Tube Go., 
kindly sent the following information, he (the author) having 
suggested to the Weldless Steel Co. the possibility that nickel steel 
might be useful :--“We have now rolled and tested a tube made 
from steel containing: nickel 3.76 per cent.; carbon 0.40 per cent. 
approximate; manganese 0.73 per cent. It turned and bored 
satisfactorily. We shall polish a short piece and send it you as 
soon as possible.” The piece of metal exhibited at the Meeting was 
the piece referred to;  i t  was an exceedingly good-looking metal. 
“The  test piece cut from the rolled tube stood 43.58 tons per 
square inch with an extension in 2 inches of 24 per cent. The 
information I gave you, which you asked me to mention if I was 
unable to attend the adjourned meeting, was to the effect that 
considerable difficulty has been found in the application of nickel 
steel, from the fact that i t  has been found almost impossible to get x 
perfect thread in screwing, owing to a tendency of the metal, which 
is exceptionally dense and tough, to ‘ rag ’ or cut rough in Ecrewing. 
One would naturally suppose that with metal that would take a 
perfect polish such difficulties could be overcome by using cutting 
tools of a different temper or shape or cutting at a slightly different 
angle of speed. I cannot say whether this difficulty would be the 
same with various percentages of nickel and carbon. There is no 
marked difficulty of this kind in the sample we are now dealing with, 
but it might appear if we were to put i t  to  the test of cutting a fine 
thread. The sample piece turns and bears with a good surface.” 

He now wished to turn to two points which had been passingly 
mentioned in the discussion, namely, the bad wear and troublesome 
lubrication of the steel cylinders. He accentuated these points 
because he considered them as superstitions rather than facts. He 
did not deny that certain steel cylinders might have proved bad to 
wear and difficult to lubricate, but he did deny-or at least he could 
see no grounds for admitting-the general assertion that steel 
cylinders would not wear and could not be easily lubricated. The 
question of lubrication resolved itself into that of wear, becauso 

3 ~ 2  
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given a smooth surface with immunity from wear, there could be no 
difficulty with lubrication. I t  was the wear, the abrasion, the 
roughening of the surface, which led to lubrication troubles. What, 
then, were the factors which caused a metal to resist wear ? First 
there was hardness or resistance to scratching; a hard snooth 
surface, offering the maximum resistance to scratching, presented 
also the minimum frictional resistance, the least wear. But as steel 
could be made with any degree of hardness, so it could be endowed, 
in  that respect, with exceptionally perfect anti-frictional and wearing 
properties quite as good 86 those of cast-iron. I n  course of time, 
however, whatever be the matcrial, i t  must wear. If that wear were 
uniform over the whole area, then the quality of hardness reduced 
the amount of abrasion to a minimum, and maintained the surface in 
its original excellent condition. But if from some want of 
homogeneousness, or from the presence of some hard foreign 
substance between the rubbing surfaces, irregular wear, scratches, 
or grooves were produced in the metal, then the very hardness which, 
in the first instance, was a merit, now became a defect, because it 
impeded the levelling down and filling up of the abrasions, thus 
increasing friction with further abrasion, and finally perhaps seizing. 
I t  was clear then, that in addition to  hardness, something else was 
needed to improve the wearing property, by increasing the resistance 
to abrasion. That second factor was tenacity. I n  former days 
hardness and tenacity were, if not essentially, at  least casually 
identified. About 1843 Wertheim experimentally concluded that 
the tenacity of a metal was proportional to the specific gravity, 
divided by the atomic weight. Some thirty years later, Bottone 
stated that the hardness of a metal varied in the same ratio. Hence 
it was surmised that as both properties varied inversely as the 
atomic volume or directly as the number of molecules in the unit 
space, they were at least causally united. Thus arose, or was 
fostered, another metallurgical superstition - that strength and 
hardness in cast-iron went together. He believed the credit of 
proving the fallacy of that conclusion belonged to Professor Thomas 
Turner, who in 1885 to 1887, by a series of very ingenious 
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experiments,* showed that while hardness and tenacity doubtless 
mutually depended on cohesion, and thus on thc number of molecules 
in a given space, yet the two properties mere physically distinct. 
Thus one might have a cast iron or a steel high in the scale of 
hardness yet low in that of tenacity, and vice versk. That was a very 
important distinction. To resist the gradual uniform wear of normal 
friction, the attrition or grinding away of the material in a fine, 
impalpable powder, hardness was the essential property ; but to 
withstand an irregular pressure tending to strip off' shavings or 
cuttings, to plough and furrow the material, tenacity was the important 
factor. Hardness was manifested by resistance to the force required 
to separate the smallest particles or molecules of the substance ; 
tenacity was displayed by resistancs to the force needed to separate 
the aggregated molecules or the mass a8 a whole. The best material 
therefore for wear and lubrication was that in which those two 
properties were duly combined. As in steel it  was possible to 
combine these properties in almost any ratio, so there was no reason 
to contend that steel cylinders would be defective i n  wear and 
troublesome to lubricate. The difficulty which existed was purely 
experimental, namely, the cost and attention required to make the 
tests, which had already been madc in the case of cast-iron, in order 
to determine the best proportions of hardness and tenacity for 
cylinder steel. Here i t  was that Mr. Lloyd's communication became 
of special interest, because the action of nickel was very peculiar on 
tenacity and hardness, and it was quite possible that nickel stcel 
might, after all, prove the best steel of all. He did not lay much 
6t~'eSS on the supposed spongy, absorbent nature of cast-iron as a 

factor favouring lubrication, nor on what might also have been 
suggested, the presence of graphite carbon ; but he believed with 
Professor Turner that no other reason for the defects complained of 
need be sought than a faulty abrasion hardness and tenacity in the 
material. He hoped he had made the point clear, because the 
superstitions of bad wear and difficult lubrication of steel cylinder s 

* Transactions, Birmingham Pliilosophical Society, vol. 5, part 11. 
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mere exceedingly prcvalent, and very often appeared in the Press. 
He trusted that his observations might lead to a better appreciation 
of the capabilities of this promising material. 

The PRESIDENT said the members had already expressed their 
indebtedness to Captain Longridge for his Paper in the vote of 
Ihanks accorded to him on the evening on which it  was read. But 
he was quite sure he was only expressing the feelings of the members 
who had attended the meetings, when he said that their indebtedness 
had been greatly increased by the character of the discussion evoked 
by the Paper, and by the exceedingly interesting reply just given by 
the author. In  addition to tho remarks of the many members who 
had spoken at  the last three meetings, a very large number of 
communications discussing the Paper had been received, and would 
be included in the Proceedings. Moreover Captain Longridge had 
promised to give a further written reply to the poiuts raised in the 
written communications which had not come before the meeting. 
Bearing all these facts in mind he thought tho Institution must add 
Captain Longridge’s name to the list of those gentlemen who had, so 
very materially in the past, enhanced the value of the Proceedings 
of the Institution. 

After the meeting, Mr. CHARLES T. CROWDEN exhibited drawings 
and a model of Butler’s Petrol-Cycle Motor, which was an 
improvement on a motor for light vehicles, and was first patented in 
October 1884. I t  was a double-acting engine, consisting of two 
cylinders, each compressing the vapour and air mixture from the 
front end into a pressure chamber, whence i t  was admitted to the 
combustion chambers of the two cylinders during the first sixth 
portion of the outstroke; the supply was then cut off quickly and 
ignited. In  the improved motor, as illustratcd by the photograph 
and diagrammatic section and photographs, Figs. 37 and 38, Plate 80, 
the same cycle mas used, but the quick cut-off of the mixture supply 
was obtained by a balanced rotative valve, Fig. 39, with two pairs 
of inlet and outlet port openings; this valve fitted gas-tight in a 

sleeve having two opposite portways, both in communication with 
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the combustion chamber, The valve was by this means entirely 
balanced, and only revolved a half-revolution per cycle of the motor. 
A second similar valve was also used to control the inlet and outlet 
of the mixture to and from the compressing end of the cylinder. 

Explosive mixture was formed by a ‘‘ spray ” inspirator, Fig. 40, 
actuated by the induction of the piston and controlled by a throttle- 
valve, which was in the subsequent developments of this motor 
actuated by a large governor fixed on the countershaft. A modified 
form of the ordinary ball float was used to maintain a constant l e ~ d  
inethe oil cistern. The ignition was first on the magnetic principle, 
and, after experiments with an influence electric sparking machine, 
the induction method was adopted, worked by a bichromate two-cell 
battery controlled by an adjustable revolving commutator. I n  the 
experiments with this interesting motor vehicle, a wick carburator 
was at one time used, consisting of a box containing series of flat 
wicks dipping into flat tubes, open at their bottom ends to a benzoline 
reservoir; by this means it was sought to obtain a constant 
carburation, but in practice it was found that the more volatile 
portions of the spirit were absorbed and evaporated, leaving a residuum 
of heavier density. The spray inspirator was however found to give 
better and more constant carburation, and required very little 
adjustment. 

Communications. 
Mr. EEHRY BAROROFT wrote, asking the author whether in the 

diagram, Fig. 9 (page 700) the gap between a and b extended with 
increase of revolutions and contracted with diminution of revolutions. 

Mr. HERBERT J. BULT wrote that there were one or two points in 
connection with the Paper, which seemed to the writer, afi a chemist, 
to be specially interesting. The first, in connection with the fuel, 
concerned the replacement of petrol by alcohol, and the author 
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suggested this as a problem for the chemist. Petrol, naptha, or as it 
was generally termed in the refinery, benzine, was used in severaE 
industries, which, however, did not require the total quantity that 
couid be produced. At the present time its chief market was as a 
fuel for motors, and i t  was looked upon in the refinery more as a 
by-product. The production of crude petroleum for the whole world 
in the year 1901 was 27,000,000 tons. The benzine it would be 
possible to obtain from this quantity of oil could not be accurately 
estimated, as no two wells produced exactly the same grade of oil, 
and the products varied according to the method of working. Taking 
i t  roughly at 5 per cent., the quantity produced would be 1,350,009 
tons of benzine suitable for motor fuel ; and in order that alcohol 
might compete with petrol, it must be produced at a cost which was 
no greater than that of the carriage of petrol. 

Reference was made (page 742) to a communication from Messrs. 
Crossley Brothers, in which they stated they were unable to use the 
same class of lubricant for the cylinders of oil-engines as they were 
in the habit of using for gas-engines, owing to the deposition of 
carbon on the piston rings. This, i t  was understood, referred to 
mineral lubricants and, he thought, might be accounted for by 
referring to the composition of the fuels used in the two types of 
engines. Coal-gas contained about 40 per cent. of hydrocarbons 
and 46 per cent. of hydrogen, this latter always being present in fuel 
gases. On the other hand, kerosene and other petroleum fuel oils did 
not contain free hydrogen. I t  was known that hydrogen and carbon 
combined when heated to the temperature of the electric arc, and 
this combination would be more easily brought about if these 
substances were in the nascent condition. When mineral lubricants 
were highly heated, they decomposed and deposited carbon, and this 
being in the nascent state, would combine with the hydrogen in the 
~ R S ,  while, as there was no free hydrogen in oil fuels, the carbon 
would be deposited. 

The cause of premature ignition taking place in oil-engines, when 
lubricated by ordinary gas-engine oil, might be explained by 
considering that all hydrocarbons, of the several series found in 
petroleum, dissolved one another. I n  the refinery, he had found thai 
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for cleaning tanks in which heavy oils, such as astatki or mazoot 
had been stored, a quicker and better solution of the oil was obtained, 
not, as might be expected, by the use of as light a solvent as possible, 
but by one that more nearly approached the composition of the 
heavy oil, as a solar oil or spindle oil distillate, and this held good 
until the viscosity of the solvent interfercd with the mixing. 
Referring again to the fuels, the chief constituent of the hydrocarbons 
in  coal and other illuminating gases mas methane. Fuel gases, as a 
rule, did not contain hydrocmbons. Herosene consisted for the 
greater part of higher members of the paraffin and naphthene series ; 
and tridecane (C,,H2,) of the paraffin, and cz - decanaphthene 
(Clo Hz0) of the napthene series might be taken as typical examples. 
It would be seen, therefore, that the vapour of kerosene would more 
readily dissolve the lighter hydrocarbons contained in the lubricant 
than would a fuel- or coal-gas. The small quantity of lubricant, 
thus vaporised, would be decomposed by the high temperature existing 
in the cylinder, and would then readily ignite. 

Mr. W. HEMINGWAY wrote that, unfortunately for the title, ‘( Oil 
Motor Cars of 1902,” the use of oil for such a purpose appeared to 
have been overlooked or omitted from the Paper. ‘‘Spirit ” 
should be substituted for the word ‘‘ oil,” or the word (‘ oil ” deleted. 

In the following remarks the figures given for comparison were 
approximations to the exact scientific ones sufficiently near for 
commercial purposes, the subjects not mentioned, but equally 
important with those treated, were left out from want of space only. 
From the description given the author’s engine differed materially, 
and was a great step in advance of those of the same cycle already in 
use. The cycle was exceedingly simple, but the engine was not. 
The use of the front end of tho cylinder for an air-compressor 
necessitated the use of a piston-rod with crosshead and slide, 
cylinder cover, gland and stuffing-box, all undesirable features in an 
internal-combustion engine, and increase in the total height or length 
of the engine by at least the length of the stroke, if the standard 
length of connecting-rod was to be used; there were double the 
niimber of valves to each cylinder, and extra mechanism for operating 
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the valves. Special provision must be provided in the base chamber 
to facilitate getting at the glands for adjustment and packing, and 
extra special precautions must be taken to ensure proper lubrication 
in  the new frictional parts; more friction ensued, and there were 
heavier moving parts (reciprocating), with greater inertia. All of 
these items would require regular and constant attention, over and 
above that necessary with the ordinary type, and would introduce 
further certain sources of trouble and possible breakdowns. 
Assuming the same brakepower was given off i n  both cases, the 
prime cost of a two-cylinder engine of this type would equal that of 
a four-cylinder of the ordinary Otto : the working expenses, fuel, and 
lubricants would not be any less, and the repairs and up-keep greater 
than a four-cylinder Otto ; and the regular and constant attention 
required considerably more. 

Castings.-The two compositions for castings put forward in the 
Paper should come under the heading of manganese steel castings, 
the manufacture of which had hitherto been confined, he believed, to 
one or two firms, and solely for purposes requiring much heavier 
castings than those for motors; it  would be of interest to know if 
the intricate small motor castings came out successful in this 
material. Common cast-iron, more especially that used in the 
ordinary jobbing foundry, was exceedingly variable and indefinite 
in its nature, and on no account should be used for motor castings. 
When these were required, extra precautions must be taken in 
moulding, special blows should be made with a first-class brand of 
pig and wrouglit scrap, the compositions of which were known or 
could be definitely ascertained. This mixture should first be run 
into pigs, then melted a second time before being used for castings. 
The following was put forward as a good average composition for 
cast-iron suitable for motor cylinders and pistons, giving a tensile 
stress of about 25,000 lbs. to 30,000 lbs. per square inch. 

Silicon. . . . . . 1.000to1*300 
Sulphur . . . . . 0.066 ,, 0.050 
Phosphorua . . . . . 0.170 ,, 0.175 

Graphitic . . 2-40 1 1 3’32 
Carlron{ Combined . . cE to ~ 0.61) 

3 * 80 3-92 __ - - 
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For piston-rings or pots, slightly harder and more elastic metal 
could be used; for guaranteed castings of this description a higher 
price than usual must be paid. This in the end would work out 
cheaper than the usual method with its large proportion of wastrels. 

~*ahes.-Velocities of 80 feet per second for induction and 100 
feet per second for exhaust were put forward, but logical reasoning 
would reverse these figures. Highly heated gases travelling 
through a passage tended to  cut and score the wails of that passage, 
the greater the velqcity the greater the tendency, therefore why 
should a highly heated gas be made to travel through a passage at a 

considerably higher vclocity than ordinary air and vapour at a 
temperature at or slightly above freezing point. To approximate 
equal velocities, the exhaust should have about three times the area 
of the induction. 

Biapurns.-The diagram, Fig. 8 (page 697), typical of all coal-gas 
esplosions was perfectly useless, and apt to be misleading for spirit- 
motors. The time of attaining maximum pressure was there shown 
a t  0.26 second; in a more recent diagram taken by Mr. Petavel’s 
gauge with the most explosive mixturc of air and coal-gas, the time 
of reaching maximum pressure was less than half that s h o w  in the 
Paper. In  a petrol-motor working at 780 revolutions per minute the 
time of a complete half-stroke was 0.0384 second, or only one- 
seventh that of thc diagram shown. 

In “ The Engineer,”* a description was given of Mr. J. E. 
Petsvel’s new recording pressure-gauge; from its extreme sensitiveness 
i t  should be of exceptional value in connection with petrol-motors to 
obtain definite and accurate records, which up to the present had not 
been possible, and i t  was to be hoped for the credit of the motor 
industry that such records should soon be forthcoming. 

Tables 1 and 2 (page 699) on the diagram, Fig. 9 (page 700), also 
mere of no use for studying the problems of combustion in petrol- 
motors as used on cars. ‘ At least in e-icry case quoted the revolutions 
were less than half and the stroke double that of potrol-motors. I n  
the diagram of a petrol-motor the expansion-curve would be 
considerably steeper and the average pressure considerably modified. 

* ‘< The Engineer,” 10 October 1909. 
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Petrol.-Was it not a fact that very little information respecting 
petrol was to  be obtained, not only in this but in any other country ? 
The maximum explosion pressures, and the times of attaining the 
same, the rates of cooling, the chemical composition, whether it 
n-as a single definite hydrocarbon or a mixture of two or more, its 
physical attributes, vapour density, latent heat, expansion, temperature 
of inflammation, etc., were all equally obscure. The admission of 
water in the cylinder of a petrol-motor opened a large field for 
discussion. Herein the exact chemical composition of petrol was of 
importance. If 
i t  were so, incidents that continually occurred in practice showed 
that there were proportions of other hydrocarbons mixed with i t  ; to 
mention one only, it  was quite common to find the nozzle of the jet 
carburettor frozen UIJ, and small pieces of ice could be taken out. 
These apparently small fragments of ice quickly melted and 
evaporated, the rapour taking fire with a match ; probably this ice 
was a mixture of benzine (which froze at 0" C.) with minute 
quantities of water (petrol being deliquescent). In considering the 
phenomena that occurred when water got into the cylinder Kith 
petrol, the following data might be of use :- 

( a )  It  was well known that water brought into contact with 
incandescent carbon was decomposed. Was there the necessary 
incandescent carbon in a petrol cylinder, and if so, how did i t  arise ? 
He did not think this was possible. 

( b )  Did the water, with or without the presence of incandescent 
carbon at  the high temperature of the cylinder, decompose itself 
alone, or the petrol alone, or the petrol and itse!f at the same time, 
and if so what were the critical temperatures at which the reactions 
took place ? 

By the use of petrol alone one obtained the following result. 
Composition C,H,,. Specific gravity 0.680. Boiling point 38" C. 

One part pentane required 3.55 parts oxygen for combustion, and 

With petrol and matsr various different results could be obtained 

In  the Paper i t  was assumed to be pentane C,H,,. 

evolved 13435.0 Th.U. 

as follows :- 
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(1) Petrol intact and water only decomposed to form water-gas (Dowson 
Gas?); then, treating water-gas as a definite compound of the formula H,CO, as 
given in Paper- 

C,H,,+H,+CO. . . . . Heat evolved = 8837'0 Th.U 
( 2 )  PetroZ &tact and water only decomposed, and treating the mixture as 

equal quantities of the gases carbon monoxide, hydrogen, and petrol- 
C,H,,+H,+CO. . . . . Heat evolved = 16439.0 Th.U. 

( 3 )  Petrol nnd 'CCTnter, both decomposed in accordance with formula given in 
Paper- 

C,H,,+H,O = C,H,+CO+C2H,+2H,. Heat evolved = 9951.0 Th.U. 
(4) Petrol and Water, both decomposed in accordance nith formula given in 

Paper- 
C,H,,+H,O = C,H,,+CO+2 H,. . Heat evolved = 0954.0 Th.U. 

C,H,,+H,O = C,H, + C + 3 H, + 0. 
(5) Petrol and Water both decomposed as per formule- 

(6) C,H,, + H,O = C,H,, + CH,+O. 
(7) C,H,, 3. H,O = C,H,, + H, + 0. 

Assuming in the explosion that the whole of the oxygen in the 
cylinder was consumed, the first solution could at once be placed on 
one side. 

I n  the second case the assumption was that there were equal 
volumes of the three separate gases, petrol, hydrogen, and carbon- 
monoside. This was an impossibility however, for the volumes of 
gases liberated must correspond to the chemical composition due to 
the limited minute quantities, short time, and confined area in which 
decomposition took place. This solution, although it gave great 
additional heat, must also be placed on one side. 

In cases 3 and 4 although decomposition of both petrol and water 
took place, the equivalent volumes of gases must be in strict chemical 
proportions, only far the same reasons as above; the total heat 
generated would be less than with petrol alone, because one atom of 
oxygen was already combined in the form of carbon-monoxide, and 
merely diluted the charge. 

In the fifth, sixth, and seventh cases, wherein the oxygen mas 
wholly free from combination, the residual gases were left 
proportionally richer from a combustible point of view (in fact, the 
richest possible from the ingredients involved), and at the same time 
&he necessary oxygen required was provided to consume the hydrogen 

Heat evolved = 12866.0 Th.U. 
Heat evolved = 12866.0 Th.U. 
Heat evolved = 12866-0 Th.U. 
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freed from the decomposition of the water, which otherwise would 
not be available from external sources. I n  each of these cases there 
was a very slight increase in the heat evolved over petrol alone, but 
not of any material moment or sufficient to account for the effects 
produced by the water getting into the cylinder in the case cited. 
The decomposition of either or both the petrol and water, and their 
total simultaneous combustion in the cylinder would be inadequate 
to account for the phenomena observed. 

On the other hand, these was still another important factor to be 
taken into consideration. I t  was advanced in the Paper that the 
greater inflammability of water-gas was due to the small quantity of 
oxygen required for combustion. This was hardly correct ; each gas, 
even with the most explosive mixture, must be raised to a certain 
definite temperature before i t  would inflame, such temperature 
depending upon some physical quality or constitution of the gas, and 
not merely the amount of oxygen required to consume it, for instance 
carbon disulphide (mentioned in the Paper as a proposed enricher of 
petrol) would inflame at the low temperature of 268" F., whereas 
ordinary coal-gas required a temperature of about 1,300' F. before 
it would inflame. The converse of this was also true, no gas being 
inflammable above a certain temperature even with the best possible 
explosive mixture. This limited range for the combustibility of 
gases was far smaller than generally supposed. Experiments made 
by Bunsen showed that only one-half of a charge of the most 
explosive mixture of either carbon-monoxide or hydrogen would 
inflame at  a temperature of 2062" F. ; the temperature at which the 
whole charge would inflame was not stated. None whatever would 
explode in an atmosphere of oxygen at a temperature of 1543' F., or  
in an atmosphere of carbon-dioxide at 3220" F., the latter case being 
the condition of the cylinder in an ordinary motor after firing. 

The inference to be drawn from these experiments was that under 
no circumstance must the temperature of the contents of a cylinder 
exceed about 1800" F. before the whole of the charge was consumed. 
I f  i t  did so, the balance of combustible gas would be wasted in the 
exhaust, or take fire and burn in the cylinder or ports, when or  
where the temperature had been sufficiently lowered. This might 

(Yr. W. Heiningway.) 

 at University of Birmingham on June 8, 2016pme.sagepub.comDownloaded from 

http://pme.sagepub.com/


n'ov. 1902. OIL MOTOR OAKS OF 19@% 851 

take place without any actual decomposition of the fuel. I n  addition 
the high temperature reached by the combustion of part of the 
charge might be sufficient to decompose the balance and produce the 
same effects ; either eventuality or both would quite account for the 
hot exhaust, carbon deposits, premature ignition, burning of the 
valves, and the occasional explosions in the silencer. 

The problem of how to get the best results from a spirit motor, 
wherein the fuel Waf3 liable to decomposition, was to keep the charge 
before firing at the lowest possible temperature, in order to get the 
whole of the charge fired before the temperature of the gases had 
reached about 1800" F., to prevent the sudden rise of temperature 
retarding the ignition of a portion of the charge, thereby wasting 
fuel and probably burning the valves, or decomposing the balance 
with a similar result ; also to keep the temperature (and pressure) 
as high as possiblo after explosion, and during the working stroke, 
consistent with having large valves and getting rid of the exhaust 
expeditiously to prevent undue heating of the water jacket, and to 
give a relatively longer time for the cylinder and contents of 
compression space to cool between the strokes. 

Alcohol.-The use of alcohol enabled one to approach nearer 
to these conditions than petrol. This might be briefly shown as 

follow6 :- 

Absolute Alcohol C, H 210. 
Specific Gravity = 0 - 809. 
Proof Spirit containing 50% Water 8. G. = 0.020. 
Boiling Point 78.4" C. 
1 part Alcohol required 2.087 parts oxygen and evolved 7180 T1i.U. 

In comparison with petrol, and the volume of the cylinder the same, 
0.680 ( S G )  - 1 - 7 parts more alcohol (or, in the liquid state, 1 * 7 x r9m&$l - 

1.267 as stated in the Paper from actual use) could be consumed per 
charge, in order to get the most explosive mixture, and utilize the 
whole of the oxygen. In  the best commercial aloohol (proof spirit) 
there was at least 50 per cent. of water, which on combustion formed 
a huge ttbsorbent of heat (latent heat Of steam alone requiring 
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536 Th.U. without any visible increase in temperature), being instantly 
converted into superheated steam, acting in this case in the capacity 
of a gas, and not a saturated vapour (if it existed in the latter form, 
taking the temperature into consideration, its pressure would be 
enormously greater than the actual). The large proportion of steam 
produced was an important feature, for from its great initial latent 
heat (two and a half times greeter than alcohol, and almost six times 
greater than petrol) and the great avidity with which it re-absorbed 
the heat liberated by the cooling and expanding gases (the ratios of 
cooling of the vapours might be taken approximately the same as the 
latent heats), it  would form a reservoir or equalizer of heat and 
presmre, preventing undue temperature at first and too rapid cooling 
or reduction of heat and pressure afterwards, thereby tending to raise 
the average pressure throughout the stroke. 

It mas well known that at very high temperatures, due to the 
increase of specific heat, the capability of gases to do work 
(otherwise increase in pressure) by the absorption of a definite 
quantity of heat was not nearly so large in proportion to the work 
produced by the absorption of the same quantity of heat at  a 
considerably lower temperature. The physical conditions mentioned 
above, and attached to the use of alcohol, were all in favour of 
attaining instantaneous and complete combustion of the whole of the 
charge, and utilizing the heat evolved in the cylinder itself thereby 
converting a larger proportion into work. Taken together it meant 
less waste of fuel, higher efficiency and a cooler running and more 
elastic engine. With the use of alcohol as fuel, he had never heard 
of any case wherein the temperature of the cylinder had reached the 
point sufficient to decompose the water or fueI with its subsequent 
troubles. While studying this question, the relative expansion 
ratios of various substances might be useful (see Table 8). 

Considering the recent restrictions against carriage of petrol, 
and that its manufacture was a monopoly restricted to two firms, 
and the chief drawback against alcohol was the price, and the 
necessity of denaturising i t  (no substance at present being found 
wholly satisfactory for this purpose) to comply with the revenue 
authorities, he would suggest the uae of ether fur motor work. 

(Mr. W. Hemingwvey.) 
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TABLE 8. 

Cubic 
inch. 

Range of 
Explosibility. 

- 
- 
9.7 

5-0 

2 . 5  

Cubic inches 
of Vapour. 

1698 

567 

246 

240 (8173?: 

Alcohol . . . 
Ether . . . 
Petrol* . . . 

Latent Heat. 
Thermal Units 
--- 

536 

208 

90 

88 

1 

1 

1 
-- - - _ ~ _  

Ether is practically alcohol with the mater eliminated. I t  could be 
made direct from alcohol or from all the numerous substances used 
for making alcohol (potatoes, grain, etc.), and could be manufacturcd 
universally by ordinary distillers and brewers, in every country, i t  
was not drinkable, and would no doubt be free from revenue 
restrictions. As a fuel for motors, it was a very happy medium 
between alcohol and petrol, possessing the good points of both 
without the drawbacks- 

Ether = ?s05 0. Boiling Point 3 1 . 5 O  C. 

1 part ether only required 2 .6  parts oxygen, and evolved 9,100 T1i.U. 

I t  would not freeze at any temperature. 

Specific gravity = 0.736. w51 
From these figures it 

mould appear possible to use i t  in the present petrol carburettors 
without alteration, the boiling point being practically the same a8 

petrol. I n  comparison with petrol, and with equal cylinder volume, 
25 per cent. more ether could be consumed. The heat generated 
would be about 16  per cent. greater than in the case of absolute 
alcohol, and 27 per cent. lower than petrol. The question arose, 
would the general reduction of temperature in the cylinder 
compared to petrol be sufficient to prevent the critical temperature 
of decomposition being reached if water were added to the fuel. I f  

* The above figures were worked out from the pentane formula and vapour 
density ; in the Paper the footnote (page 689) gave the expansion of petrol as  
1 drachm iuto 1,300 cubic inches of vapour =8,173 cubic inches of vapour 
to 1 cubic inch of petrol. This expansion was nearly five times greater than 
water, and evidently erroneous. 

3nr 
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this were the case, and indications appeared to be favourable, material 
improvement over both alcohol and petrol motors could be expected. 
At the worst if water could not safely be used with ether, the results 
from ether alone would practically be equal to those from petrol, for 
the lower cylinder temperature would be accompanied by more 
perfect combustion. 

The present market price of ether was comparatively great 
because of the small demand, but the enormous possibilities ahead 
from the enlarged market i t  would open in this country, and in 
every part of the world (where it was impossible for petrol-motors 
ever to be introduced for want of fuel) for heavy traction, freight, 
and passenger service road and rail, launch and boat work for river, 
canal, and coasting service,‘life-boats, and tenders to larger vessels, 
etc., and the cheapness at which i t  could be made, would warrant 
giving it a fair trial. 

Enrichers of Petrol.-Was the idea to lower the temperature 
of the point of ignition, or was it to produce a higher temperature 
with consequent increase in pressure? The first was of doubtful 
benefit, if any. The second would be useless without a method 
was simultaneously introduced for direct conversion into work ; 
temperature was here used as perfectly distinct from heat. On this 
point the following note might be of service which held true, 
although it would be doubted by many. In  an internal-combustion 
motor with constant cylinder capacity working under ordinary 
conditions (the incoming charge being ordinary air sucked in 
at  atmospheric pressure), and supposing the whole of the oxygen 
in the charge is consumed in the best possible manner, the maximum 
total heat that can be generated would be approximately the same, 
no matter what fuel was used, so long as the fuel came under a 
series of analogous compounds. such as the typical hydrocarbons in 
every-day use (containing carbon, hydrogen, and a small proportion 
of oxygen (alcohols)), for instance, coal-gas, acetylene, petrol, 
alcohol, ether, benzene, etc. The minimum or actual heat generated 
would be somewhat varied by circumstances. The temperatures and 
pressures would also differ considerably.” Petrol produced more 
heat than any other hydrocarbon available (hydrogen, marsh-gas, 
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ethane (all gases), butane (liquid) excepted), therefore any idea of 
enriching it was hopeless and a mere waste of money, unless resort 
was made to the addition of substances containing large proportions 
of oxygen, which would at once raise it to the category of highly- 
dangerous explosives prohibiting i t  from ordinary daily use. Any 
substance added to petrol should partake of the effects of water in 
alcohol, for there is too much heat generated already not converted 
into work, in addition to fuel wasted and going away unconsumed 
through that surplus heat. 

Lubrication.-There was no doubt equally as much to be said 
about lubricating oils, chemical, physical, and mcohanical, as about 
the fuel used for driving the motor. Lubricating experts would no 
doubt give valuable information when they had fully grasped the 
conditions of the problem, about which there appeared some 
difficulty. 

The conditions of a cool-running engine were favourable for the 
lubricating oil which was certainly more readily decomposed than 
the fuel, owing to its more complex constitution, and also in nearly 
every case being a mixture of several distinct but analogous 
hydrocarbons, the close proximity of which on exposure to the high 
temperatures involved conduced to a re-arrangement of molecular 
structure ; in the new combinations it was almost a certainty that 
the flashing point of some individual combination would be reached, 
so upsetting the equilibrium and perhapx flashing the whole. 

Physical laws played an important part in both questions of 
flashing and lubrication, the chief ones brought into use were the 
laws of capillary attraction and surface teusion ; the oil was tirst fed 
between the cylinder and piston, and by capillary attraction was 
distributed all round each where tho surfaces were in contact, when 
the piston traversed the cylinder, by the came laws, a very thin or 
capillary layer of oil was left, wherever the two had been in contact 
or approximately so. This layer of oil clinging to the walls of the 
cylinder would be of the same temper tiire. I n  ordinary working 
conditions the flash of the explosion W ~ H  only momentary, and the 
surface tension of such a capillary I yer of oil where exposed 
(approaching the force of cohesion) would be sufficient to preserve 

3 n r 2  
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the surface intact ; such a capillary layer of oil being diathermanous 
or transparent to the heat equally with the cylinder walls of which 
it really formed a part, would allow the heat to pass through to the 
walls and thcnce to the water-jacket without any material increase in 
its own temperature. Should the layer of oil be so thick as to 
cxceed a capillary layer either by accidental extra supply or surfeit 
of oil, or by the use of a too thick oil, thc ordinary laws came into 
action, and the force of the explosion would be sufficient to 
overcomc the surface tension and perforate the layer of oil and 
detach a portion, which would at once be flashed into vapour by 
the fierce heat and exploded. The internal appearance of a petrol 
motor did not give much evidence to support the ides that the 
oil was sprayed all over the interior in a similar manner to that in a 

steam cylinder when carried by a steam jet, for any part not actually 
in rubbing contact was usually free from any suspicion of oil when 
the engine was running satisfactorily ; if the oil got sprayed through 
a too liberal supply, etc., i t  was usually not long before the engine 
pulled up, either from sticky valves or failure of the electric ignition. 
In addition to the high %ash-point oils mentioned in the Paper, he 
would add those of Messrs. Engclbert, one of which mas higher 
stil1:- 

Rape 100. --- 
Open Close Fire Vree Viscosity Viscosity 

Sp. Gr. Flash. Flash. Test. Ash Acidity. 200° F. 250° P. 
F.F.C. 0.892 540 570 630 Nil. Nil. 27.S 13.4 

S.S. 0.901 576 620 G76 Nil. Sil .  48.6 18.5 

With the question of axles, springs? frames, bodies, coils, etc., 
and the gencral lament that they were not procurable in England he 
did not agree ; it would be equally applicable to lament that motors 
also could not be procured from the ordinary engineers’ shops. 
Motor companies were formed with the alleged and avowed intention 
of making motors, parts, and accessories. Any British motor 
company worthy of the name should manufacture and produce in this 
country all the important and special parts themselves, minor parts 
only, such as bolts, nuts, washers, etc., requiring no special knowledgc 
for their production, being procured outside their o m  works. Given 
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the opportunity, there were many enginecrs in Great Britain fully 
competent, capable, and ready to do the whole of the work, equally 
as well as those of any other country, and there was also an ample 
supply of home-manufactured and raw material to draw upon for the 
purpose. With the decrcase in trade in other directions, tho present 
moment was the most opportune for mechanical engineers and 
British engineering firms to take up seriously the manufacture 
of motors, before the Americans and Germans who had just awakened 
to its value and importance got control of the market. That there 
was a good opening and vast room for improvement in the application 
of the knowledge about motor-cars already acquired was evident and 
emphasized by the efficiency results given by the Automobile Club 
in the recent 650 miles reliability trials. In climbing Westerham 
Hill the actual horse-power given out at the wheel-rims compared 
with the brake horse-power of the motors, as specified by the makers, 
was as follows :- 

8 H.P. M. IW. C. Voiturette, ::7.3 per cent. 10 H.P. Wolseley, 50 per cent. 
G €1.1’. De Dion, 22 H.P. Daimler, 59 per cent. 

53.3 per cent. 
8 H.P. De Dion, 50 pcr cent. 

15 H.P. Panhard, 65.4 per cent. 
Vertical height of hill in feet x (Weight of car and load in lbs. + 40 Ibs. for every ton of total aeight). - -- __ 

Time in niinutes x 33,000. 
The H.P. = ___ - 

Mr. JOHN JOHNSTON wrote that, like the author, he was a believer 
in the ultimate triumph of the impulse-every-revolution engine, and 
also in the use of heavy oils. He had been doing his best to bring 
about such a result. Regarding the author’s proposed engine, it mas 
rather a risky proceeding to criticise the design as some had done, 
for he had long since learned that it mas impossible to know what 
an internal-combustion engine-especially an oil-engine-mould do 
until it  mas tried. He thought that the clearance losses between the 
pump and the work cylinders mould be considerable, and mould 
lower the efficiency of the engine ; also that the presence of so large 
a quantity of exhaust gases would keep down the effective pressure 
and necessitate a bulky engine. He had never in his experience 
found that the presence of exhaust gases in a cylinder had done other 
than lower the effective pressure, and he had even introduced them 
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along with oil-gas, in order to soften the explosion and reduce shock 
in the cylinder caused by the too rapid combustion of a mixture of 
oil-gas and air; this i t  effectually did, but at  the same time there 
was a loss in  pressure. 

I n  this connection, it was the sudden explosion that caused an oil- 
engine to give off the metallic chink, which Professor Robinson 
(page 780) spoke of as having been stopped by introducing water 
into the cylinder, also which caused the sharp loop on the indicator 
diagram, as illustrated in the Paper. This loop was due in a large 
part to the velocity of the indicator pencil, causiug i t  to overshoot 
the point to which it would be carried by pressure only, and he 
would suggest to Professor Biirstall that he would find this the 
explanation of the apparent difference between the maximum and 
mean-pressure of an oil- and of a gas-engine. The gas-engine 
explosion was gentle, and did not cause the indicator to overshoot 
the mark ; the oil-engine explosion on the other hand was violent, 
and the consequent momentum of the indicator pencil made it register 
a false pressure as described. 

Rcgarding MI-. Beaumont’s criticism of the impulse-every- 
revolution engine (page 764) as being more complicated than the 
Otto cycle-engine, he mould remind him that, on the contrary, it  was 
possible to make one much simpler than an Otto engine, namely, the 
6‘ Day ” engine for example, which required no valves at all. He 
knew that he himself would be told that such engincs were very 
wasteful of fuel, but on an engine of his own construction, which 
however had one automatic valve, he had obtained a brake horse- 
power with < Ib. of oil. This was an engine having a cylinder 
4 inches diameter by 6 inches stroke, and he had as yet to discover 
the Otto engine of that size which would do better. 

The next point upon which he wished to touch was the question 
of valves, positive versus automatic, and hc might say that from his 
own experience, any one who fitted up mechanism to work the inlet 
valves of small petrol-motors positively cxpecting to get a better 
result than others obtained with automatic action would be sadly 
disrtppointed. Four years ago he had been associated with the late 
Mr. Capel, of Dalston, and assisted him in producing a motor, in the 
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design of which he started with the idea that the use of positive 
inlet valves would give them a better result than any one else had 
obtained with automatic. The engine was constructed and tested, 
and during testing the setting of the valves was tried in every 
possible position to see which would give the best results. After 
this was done he persuaded Mr. Cepe1 to let him try the engine with 
automatic inlet valves, with the result that he obtained nearly one- 
fourth of a brake horse-power more, and this was on an engine having 
two cylinders of 3 inches by 5 inches stroke. On these high-speed 
engines the automatic valve did not close too quickly, as Captain 
Longridge suggested ; in fact he had to tighten their springs over 
and over again to make them close more sharply, and prevent a blow 
back of charge due to the returning movement of the piston, which 
provcd that the trouble was not in too quick closing. 

Regarding the late opening of the valve, this served a useful 
purpose not generally understood. The formation of a slight vacuum 
in the cylinder, before the valve opened, expmded and cooled the 
exhaust gases remaining in the cylinder, and extinguished any live 
flame before the inrush of a fresh charge, which would be fired by 
any lingering flame. This action therefore enabled a higher speed 
to be run than would be possible with a positively operated valve, 
unless the timing of it was made late, which would of course take 
away all value of positive working. He had had this point brought 
home very forcibly to him i n  hi5 own experiments with the impdse- 
every-revolution engine, of which he had tried two kinds. In  the 
first the fresh charge was forced into the cylinder, driving the 
exhaust gases out before it, and in the second the exhaust gases were 
sucked in by means of a vacuum, drawing in the fresh charge behind 
them. I n  the first engine, if he tried to work it much above 200 
revolutions per minute, the back-firing became so bad 88 to bring 
the engine frequently to a standstill ; but in  the second engine he 
could run i t  at 800 revolutions with the greatest of ease without a 
single back-fire. This of course corresponded to 1,600 revolutions 
on an Otto engine. 

The vacuum class of engine was introduced into this country 
about sixteen years ago, and he could not imagine why it did not 
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prove a commercial success. He had, however, required to make 
alterations in detail from anything then published which he found 
necessary for success. Regarding the Napier form of valve, he did 
not attach much value to it, as he would sooner cnlargc the diameter 
of a valve than increase the number of faces. To multiply valve 
faces was to multiply troubles. The author called the use of an 
automatic inlet-valve a crude arrangement, yet he proposed to use 
one on his own engine, which was surely not a very consistent 
proceeding. 

On the question of carburetting and the us8 of positivc feed, he 
again disagreed with the author’s opinions. Any one who adopted 
a so-called positive feed in preference to a suction one, would find it 
anything but all that he desired. Positive feeds must be either 
pumps or measuring devices,and at high speeds they would not 
work regularly at  all. Measuring devices were also unreliable at  
speeds over 300 revolutions per minute. Above that speed they 
would not fill and empty themselves with sufficient rapidity ; this ho 
was certain was the reason why the Gobron-BrilliC! engine used a 
large number of measuring cavities on the circumference of a wheel, 
ao that the motion of the device was relatively slow compared with 
that of the motor itself. He was absolutely certain, from direct 
experiments, that an engine with a carburetting and mixing device, 
having a fairly strong suction to ensure good mixing, would work 
better than one in which the charge was got into the cylinder without 
previous carburetting and thorough mixing with the air. All that 
was necessary to prove this point was the judicious usc of an 
indicator. 

On a previous occasion * he had stated that he had transformed 
ordinary gas-engines from bad working into good working motors, 
by the simple addition of a mixer in the inlet port. I n  fact he had 
been enabled to remove the timing-valvc from a gas-engine through 
adding a mixer. He thus obtained a perfectly regular diagram with 
the charge well mixed and the timing-valve removed, when he could 
not get it with a badly-mixed charge and a timing-valve ; to get a 

* Proceedings 1901, page 1135. 
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well-mixed chargc, howcver, a certain amount of fluid rosistance was 
an absolute necessity in the inlet passages. 

At different points in the Paper thc author advocated a positive 
feed, and governing by controlling the amount of exhaust gascs 
discharged. He mould therefore like to ask him how he proposed to 
work the two together; if he varied the exhaust he varied the 
amount of fresh air admitted, while at the same time he measured in 
a constant quantity of oil. He was afraid that if he attempted to so 
work an oil-motor he would soon find it refuse to do work under 
such conditions. Governing on the throttle might not be theoretically 
correct, but the question was not so much that of a fern gallons of 
petrol as of reliability and durability. The first repair bill might 
swallow up tho savings of the theoretically correct engine several 
times over. The ‘c Cape1 ” engine, which he had previously mentioned, 
was designed four years ago, and had throttle governing; the 
ignition was automatically controlled by a ball governor moving a 

diagonal contact-piece, as advocated by the author. Both inlet- 
valves were held by one stud, and the compression wns also applied 
end released by the governor in starting and stopping the motor. 
The throttle governing was, however, not exactly volume governing, 
aa the throttle was arranged to act suddenly, and completely cut off 
the supply, the pistons then forming a vacuum. He, however, found 
that the strength of the vacuum caused the throttle to stick, and the 
engine to work irregularly, so he had to drill a small hole through 
the inlet-pipe between the throttle and the inlet-valve4 to allow air 
t o  enter and partly break the vacuum. On examining a recently 
imported up-to-date French car a fern weeks ago, he was pleased to 
find the govcrnor arranged to work in exactly the same manner, and 
the same small hole drilled. 

Regarding the author’s increased expansion getlr, he himself had 
proposed a somewhat similar arrangement to Messrs. Priestman, of 
Hull, about scren years ago, and i t  was objected to by them on the 
points of cost, and wear and tear. The idea and action were the 
same, but the detail was different. Hc had proposed to mount an 
eccentric on the crank-pin, and to fis the connecting-rod to the 
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eccentric strap, the eccentric being revolved once for every two 
revolutions of the engine-shaft, by means of a sun-and-planet 
motion. 

In regard to the question of water in the cylinder, he had always 
found the presence of water in the cylinder of the Otto cycle engine, 
whether due to water leaks or otherwise introduced, instead of 
advancing the iguition mould retard it, and often would prove fatal 
to getting any ignition at all but on one of his own engines he had 
introduced water with successful results. By feeding in a certain 
quantity every stroke, he could run the engines as long as he pleased, 
without requiring any jacket water at all ;  it  was not, however, 
introduced through the admission-valve or into the combustion 
chamber, but through the wall of the cylinder near the forward end 
of the piston-stroke, so that it was sprayed over the back of the 
piston, and on the back stroke was distributed over the cylinder 
walls ; the power of the engine was thus increased nearly ten per 
cent. His theory of its action was that it  took up the heat which 
otherwise went to the water-jacket ; this heat turned it into steam, 
which consequently increased the total volume of the charge. He 
was certain that the water was not decomposed, for on discharging 
the exhaust through a long horizontal exhaust-pipe, the water was 
re-condensed and could be collected at the end. Some that was 
collected had just a thin film of oil floating on the surface. The use 
of water was not carried into practice, because of the nicety of 
adjustment required being likely to cause trouble. This experiment 
was carried out five years ago. 

M. R. NATHOT I(Brussels), who has established in Belgium a 
special laboratory for the testing of engines, writing in French, 
offered as a useful addition to the Paper a method of comparing or 
classifying motors on certain standard data. He had been led, in 
the course of numerous experiments on all kinds of motors, to 
look for a simple and speedy method for comparison, and he 
suggested the following :- 

The elements of the problem were these :- 
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A. The manufacturer indicated- 
The power in effective H.P. that the motor was capable of 

The number of cylinders : K. 
The number of revolutions per minute : N. 
The diameter of the piston or pistons d in centimatres, from 

which the area, X, expressed in  square centimhtres, could be 
calculated. 

developing : F. 

The stroke of the piston or pistons : C. 
B. There remained an unknown quantity : the mean pressure P 

on the piston during a whole cycle. Applying the formula- 

which gave tho indicated power, when an explosion took place for 
each complete cycle, with full charge. 

In order to get a t  a simple formula for the comparison of motors 
greatly differing in dimensions, number of cylinders, and speed, it 
would be well to apply the above formula to the case of one cylinder 
and a number of revolutions corresponding to 75 ‘‘ kilogrammhtres ” 
or 1 Eff. H.P. 

It might 
be admitted that the mechanical efficiency of high-speed motors was 
not fay from 80 per cent. 

I n  the formula (I), F, corresponded to indicated H.P. 

Thus the formula became- 

Fz=tXcx 11250 N x  P 

F, representing the effective power of a certain motor, with one 
cylinder, running at a speed of N revolutions per minute, the 
explosions of which developed at each cycle a mean effective 
pressure P. 

If in formula (2) one took N = 1 and P = 1 kg. per em2, the 
result would be- 

u a” being the effective power developed by the motor rtt each 
revolution of the shaft with an effective pressure of 1 kg. per square 
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centimbtre of piston area ; the mechanical efficiency of the motor 
being supposed equal to 80 per cent., cc a ” might thus be called the 
r c  modulus of poiuer ” of the motor. 

The effective power of the motor F being indicated by the 
manufacturer for E cylinders, one had- 

F = FR, F,  = F  h” 

the number of revolutions per minute ‘ r  n” producing one effecthe 
H.P. 

The formula (2) then became- 
1 = s x c  - _  x N X P ,  

11250 F2 

( 5 )  
1 

ll’L50 (1 

1 -- s x c = ieP or - = P. 

n was determined by formula (3) 
!% = a could be calculated, since the diameter D and the piston 
11250 
Etroke C were known. I t  followed that the mean pressure P, which 
was to be obtained, was determined by the data of the problem 
themselves. 

= IZP being established, its application for thc Formula ( 5 )  

purpose of comparing motors with each other would be explained. 
The motors were classed according to the values of 71, that is, 

according to the number of revolutions per minute which they had 
to run in order to develop one effective H.P. and in each class 
a certain latitude for n was admitted, for example :- 

1st class n =: 90 to 140 
2nd ,, n =  140 to 190 
3rd ,, n =  190 to 210 
4th ,, 11 = 240 to  340 
5th ,, n = 340 to 440 

Such a classification was of course arbitrary, and could be 

In  each class the motors were also classed according to their 
modified to suit various cases. 

‘‘ modulus of power,” from the lowest to the highest. 
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It was obvious that i f  two motors did the same amount of work at 
the same speed, the one that produced it with the lowest " modulus 
of power" was the better one. Finally, the values of P allowed 
of checking the accuracy of the classification, inasmuch as P could 
not exceed a certain maximum. 

In Table 9 (pages 866-867) the foregoing formulae were applied 
by the writer, for comparison between a series of automobile motors 
to existing types of motors represented by letters, specifications 
of which had been given to him by the makers or the owners. 

I n  the mean-pressure column, P,'calculated from the formulae, 
some noticeable differences would be found. The figures 7.10 to 
10.05, arrived at respectively for the motors E, C, N, 0, P, were 
certainly exaggerated, and the error arose from the fact that either 
the motor did not develop the H.P. stated by the maker, or, in order 
to develop it, had to run at a higher speed than the maker stated. 
The difficulty in classification of motors from the data supplied by 
the maker aro8e therefore chiefly from the inaccuracy of some of 
these data. This difficulty would nearly always have to be faced 
in connection with competitions, until competitors were compelled by 
regulations to produce a test sheet of the motor, or to allow their 
motor to be tested under a given load. 

To obtain an accurate Table, which would be really reliable for 
purposes of comparison, on the plan of the Table which he 
had compiled, i t  would be necessary to test, either by brake or by 
means of a dynamo, the effective power which the motors, under 
examination, were capable of developing, and to count the number of 
revolutions corresponding to such power. The calculation would 
then give the real amount of mean pressure on the piston during one 
complete cycle, which pressure depended on- 

1. The nature of the fuel used. 
2. The richness of the explosive mixture. 
3. The amount of compression. 
4. The manner in which the motor WRS governed. 
5. Negative resistances due to the scction of valves inlet and 

6. The ratio of the area of the piston and its stroke. 
exhaust pipes. 
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TABLE 9 (continued O i h  oppodepage). 

OIL XOOTOK CABS OF 1902. XOV. 1902. 

I n :  90 to 140 

I1 n: 140 to 190 

[I1 n: 190 to 240 

tV Q: 240 to 840 

V n: 340 to 440 

Serial 
Nos and 
Marks. 
- 

ro 

- 

1 
2 
3 

1 
2 
3 
P 
5 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 

1 

- 

__ 

[ark. 

N 

F 

0 
P 
H 
A 
S 

B 
I, 
G 
D 
Y 

C 
E 
R 
U 
V 

nr 

T 

F;: 

- 
lo. 

1 
1 

1 

1 
2 
3 
2 
2 

2 
1 
2 
E? 
2 

1 
1 
9 
2 
2 

0 

NO. 

1200 
900 
900 

9-50 
900 
8 50 
900 
750 

900 
1000 
800 
900 
800 

1300 
1500 
750 

1000 
900 

1600 

- 

> 

;Fi 

i 
j 

- 

9 
9 
9 

5 
12 
9 

10 
9 

8 
5 
8 
9 
8 

4. 
6 
6 

8 
6 

S 

- 

! 
1 

$\a 
: .. 
; s  : 
i 
> 

-- 

NO. 

133 
100 
100 

190 
150 
188 
7 so 
167 

225 
200 
200 
200 
200 

288 
250 
250 
250 
300 

400 

- 

Piston. 

m. 

D.110 

D-190 
D.145 

0.100 
0.110 
0.130 
0.130 
0.150 

0.132 
0.110 

0.125 
0.135 
O*lGC 

0-1oc 
0-101 
0.09: 
0-llC 
0.111 

O*ON 

- 

9 
9 
9. ti 

10 
10 

9.2 
10.5 
10 

10 
10 

S 
! I  

!)..> 

10 
10 

8 

- 

63.62 
6:3r 62 
72 ' 38 
78.54 
$5.54 

66.48 
86-59 
7s.54 
78.54 
'23.54 

50 * 26 
69-62 
70.88 
5s-54 
78.54 

50.26 

- 
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Product. 

s x c. 

-- 

9.707 
18-056 
22,321 

6.362 
6.998 
9.409 
10.210 
11'781 

8.775 
9.525 
9.818 
10.367 
12.560 

5.026 
6-362 
6.734 
8.639 
8.639 

4.523 

OIL MOTOR OARS OP 1902. 867 

Modulue 
of 

Power. 

s x  a 
11250. a:  - 

- ~ -  

O*OOOS63 
0-001605 
0.001981 

0.000565 
0.000621 
0-000836 
0-000907 
0.001047 

0.000780 
0*000846 
0.000872 
0*000921 
0'001116 

0.000446 
0*000565 
0-000598 
0.000768 
0.000768 

0.000402 

(concZ&d f rom opposite page) TABLE 9. 

1 __ 
U 

--- 

llGO 
623 
504 

1770 
1610 
1200 
1100 
957 

1280 
1180 
1150 
1090 
896 

2240 
1770 
1670 
1300 
1300 

3490 

Mean 
Pressure. 

P. 
Kg. per 

cmZ. 

-- 

8.70 
6-23 
5'04 

9 .3  
10.70 
6.35 
6-11 
5.20 

5.20 
5.90 
5.75 
5.45 
4.50 

7.75 
7.10 
6'65 
5'20 
4.32 

6.20 

I n :  90 to 140 

I1 n: 140 to 190 

111 n: 190 to 240 

IV n : 340 to 340 
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I t  would thus be sufficient to measure this mean pressure on 
diagrams obtained by means of the Mathot indicator. I t  would be 
still better to check the accuracy of the results obtained by brake 
tests, by means of the diagrams obtained from the indicator. As 
M. Forest said, the publication of test results obtained from motors 
in connection with races would supply makers with useful data for 
purposes of comparison, and would certainly lead them to realise 
improvements in the design of their motors. Moreover, during the 
brake tests of a motor i t  would be well to keep an account of thc 
petrol consumption per Eff.4.P. per hour, and to state the figure 
obtained in the published tables. 

The publication of such information within a certain period 
would lead to the discovery of the hitherto unknown law, which 
actually governed the relation between the various data to be 
considered, namely, power, speed, fuel consumption, etc., and to 
determine the amount of correction to be applied in each case. 

(31. R. Mathot.) 

Mr. EDWIN L. ORDE wrote that the author had referred to n 
statement which the writer had made on the effect of the presence of 
water in  liquid fuel (page 744), and had compared it with one made 
by Mr. R. G. Paddock in a Paper read before the Technical Society 
of the Pacific Coast. On reading Mr. Paddock’s Paper again, the 
writer could not see that anything was advanced on this point with 
which he could not agree. 

I n  treating the question of the application of liquid fuel to the 
welding of iron, he found that if saturated steam was used for 
spraying the oil, the temperature of the flame was too low, and it 
was therefore necessary to use superheated steam. But as he 
understood the Paper, he gathered that Mr. Paddock did not suggest 
that the higher temperature was due to the presence of moisture, but 
to the increased rapidity of combustion which was gained by the use 
of superheated steam. Captain Longridge’s experience as to the 
effect of moisture, when present in the charge of petrol or alcohol 
vapour, was most interesting, and he himself hoped that some 
satisfactory explanation of the phenomena might be forthcoming. 
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It would be interesting to know whether the petrol was introduced 
into the cylinder through a carburettor, or in the form of spray, and 
if the water was injected into the cylinder independently of the 
charge, or in conjunction with it. Any gain there might be in 
efficiency would, he thought, be due rather to the reduced loss of 
heat through the cylinder walls from the cooling effect of the water, 
and possibly an increase in mean pressure, than to any improvement 
in combustion ; though in the absence of any information as to the 
composition and temperature of the waste gases, it was impossible to 
do more than conjecture. It seemed a pity that no arrangements 
had been made to obtain such data, as they were indispensable in 
investigating such questions as these, and the apparatus required was 
by no means costly or complicated. As far as the writer’s experience 
with liquid fuel went, the effect produced ou the flame by the presence 
of moisture was wholly bad. 

I n  regard to the question of the comparative efficiencies of spirit- 
motors, petroleum-motors, and steam-engines, the author quoted. an 
article upon Spirit Motors in France (page 692), in which the 
efficiency of the petroleum engine was given as 15 per cent. as 
compared with 23 per cent. for spirit-motors and 13 per cent. for 
steam-engines. Exhaustive trials upon the Diesel oil-engine, which 
had been carried out by Professor Meyer in 1901, gave St3 a result an 
efficiency of 30.1 per cent. under normal brake load, so that the 
efficiency of the alcohol engine did not appear to compare quite so 
favourably as the author represented. 

Mr. WILLIAM SISSON wrote that he thought the remark (page 670) 
respecting assimilation of the car-motor to the steam-engine in 
regard to flexibility was a very cogent one. The steam-motor, in 
spite of the great disadvantage of the boiler, had an enormous 
advantage over the inflexible internal-combustion motor on the 
grounds named, and not only on these grounds, but ah30 because of 
its great relative capacity for a heavy overload, far in excess of the 
normal full load ; and at  the same time this capacity was obtainable 
without rendering the performance a t  normal full down to about 
half load uneconomical. This property was manifested every day in 
the working of electric power and traction plants. 3 N  
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With regard to the material for the cylinders, the writer’s 
experience of a good many years now in the use of a nickel cast-iron 
alloy for piston-rings, piston-valves, and their liners, in his high- 
speed engines has been most favourable. These castings were made 
from the crucible, a%d were far superior in closeness of grain and 
readily adjustable hardness to ordinary cast-iron of the very best 
brands obtainable. He felt certain that the working surface secured 
with this alloy was far superior to that which would be obtained 
by a tube of steel of the highest arbon, which would be workable in 
drawing. 

The faulty arrangement of valves in their chests (page 681) was 
responsible for a great deal of difficulty in valve working, and his 
experience fully enabled him to support the author’s opinion 
thorougliiy, as i t  was a point to which he had always attached great 
importance. The higher the number of reciprocations, the more 
important i t  WLS to ensure that the delivery round about the 
valve, when i t  was lifted, was symmetrical; indeed, when room 
permitted, it was even expedient to contract the chest slightly 
above the top of the valve before tho level of the discharge pipe 
was reached. 

The formulae (page 685) gave a velocity to the gaees, so far as he 
had exanlined them, 6f about 6,400 feet per minute, calculated in the 
conventional method by taking mean piston-speed and full valve 
area, assuming as an average that the width of the seat was 4th of 
the outside diameter, which made the *net diameter of the valve 
three-fourths of that upon which the area per formula was based, 
according to the explanation at the foot of the page, and thus tho 
effecting area was not more than ,$$hs bf that given by the formula. 
I f  then there was no error in the statement, the lift given was 
unnecessarily high, for, of course, a lift of 4th of the outer diameter 
gave the f u l l  area of a circle of that outer diameter. It might also 
be mentioned, of course, that the annular or double-bent valve 
Fig. 6 (page 684) would have no advantage at all, if the proportions 
of lift in the formulae were adopted ; iu fact, the real advantage of the 
multiple seat valve was to enable reduced lifts with the same delivery 
to be scoured. 

870 
(Nr. Willi.Lm Sissort.) 
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Regarding material for crank-shafts (page 72l), the writer was 
solidly in accord with the author’s judgment on this matter, and for 
about ten or twelve years he had used high carbon steel up to even 
60 tons tensile, first for high-speed launch machinery, and later for 
his high-speed engines, where 45-50-ton ‘‘ gun ” quality steel was 
used. The forgings wcre made by the befit Bheffield makers, and 
from the beginning he had never had any accident, or any reason to 
be other than amply satisfied by adopting this high-carbon steel ; in 
fact, i t  was not only on account of strength and stiffness, but also the 
excellent working surface on pins and journals, which was thereby 
obtained. Of course, the material was expensive, and the machining 
was extra costly. He held so strongly the opinion in favour of this 
high-carbon steel, *hat he would not think for a moment of adopting 
tho mild steel so generally specified about 30 tons tensile. It might 
be mentioned that in the case of a 360-I.H.P. Sisson Engine driving 
o large fan, the neck of the engine shaft was 6 inches in diameter 
just, oii the engine side of the coupling, while the shaft to which it 
was coupled on the other side of the fly-wheel was 6h inches. This 
latter shaft had fractured a t  least twice, if not three times, the 
material being mild Siemens stcel, and apparently sound and good in 
quality, while the engine-shaft was absolutely unaffected, showing 
the great strength and reliability of the material. 

Finding oneself so much in accord with the author’s judgment 
on mechanical points generally, i t  was with some litdle delicacy that 
he referred to the artifice illustrated in Fig. 14 (page 711), but with 
deference he would submit that this could only be considered of 
interest geometrically, and when, if ever, materialized, it mould be 
found most unsatisfactory, and really impracticable. I n  thanking 
the author for his very interesting and instructive Paper, he felt 
mm that he was only expressing the gratitude of many steam 
engineers, who wished to acquaint themselves with the interesting 
development of internal-combustion engines applied to motor 
vehicles, but who had neither the time nor the opportunity of 
following up the matter themselves, so that Captain Longridge’s 
clear und apparently complete summary of the present state of 
development was very welcome, and much appreciated by them. 

3 x 2  
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Mr. HENRY STURMEY wrote that, whilst they might not agree with 
all of the author’s theories and deductiono, the Paper as a whole 
was most valuable, and was well calculated not only to inform 
but to induce thought on many points which might otherwise be 
overlooked. He was not altogether inclined to support the statement 
as to the ultimate triumph of the impulse-every-revolution engine. 
The difficulties in the way of making such an engine as really 
simple, as efficient, and as economical as the four-cycle type were &O 

great that, although the possibility existed of overcoming them, the 
probability was remote. On the other hand he entirely concurred in 
the view that “ the  aim of manufacturers is obviously towards 
elimination ‘of change-speed gear by increasing the flexibility and 
elasticity of the motor,” and was convinccd that thc ultimate design 
would be found at  the end of this line of thought, for the results 
already obtainable were such as to give-short of starting from a 
standstill-almost as great a flexibility of control as with B steam- 
engine, thc Duryea engine for example working with a range of from 
75 to 1,500 revolutions per minute. 

He could not support the author in his advocacy of governing on 
the exhaust, for he could not bring himself to think that the right place 
for all the products of combustion was anywhere else than outside 
the engine, and he contended that the best results from every point 
of view were to be obtained by the most thorough clearing out of 
the waste gases, and the working with the purest charge possible, a 
contention which nras thoroughly borne out by the results obtained 
with the Dawson engine-a system which the author had overlooked 
-in which not only was the exhaust cleansed by a blast of air from 
a force-pump, but air at compression was added by the same means 
to the charge before compression, with the result of an added 
increase of from 339 to 50 per cent., over the power of the aamo 
engine worked without the air augmentation. 

With regard to volume throttling, which the author condemned 
as “ theoretically bad-” mainly, he gathered, on the score of fuel 
economy-he thought that both the author and engineers generally 
placed altogether too high a value upon this question of fuel 
economy. What he meant was this : whilst with stationary engines 
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running in workshops, the conditions being largely constant, all the 
engine had to do was to run regularly at one rate of speed-and 
this any modern gas-engine might be depended upon to do-so that 
there was very little left for experiment, except the question of fuel 
cost. With the automobile engine, however, the conditions were 
entjrely different. I t  had to do, and was expected to do, practically 
‘‘ everything but talk-” and it would do that to the man who knew 
his motor-and if a method of control, which might not be theoretically 
the most economical, would give bctter results in other ways, i t  
was to be preferred. After all, fuel cost was the smallest of an 
automobilist’s expenses, and he questioned whether the difference 
between the working of the most theoretically perfect fuel consumer 
and one which was “ theoretically bad” would make 5 1  difference 
at the end of the year to the average user, and that was a sum hardly 
worth considering, at any rate in the present “state of the art.” 
Noreover, i t  was a striking commentary upon the author’s sweeping 
condemnation of throttle control that (aIthough Duryea, the 
WoIseley, and one or two others had been using i t  for years) it had, 
during the past twelve months, received an enormous increase of 
favour, so much so that i t  bid fair to become universal. Although 
most of those who had rccently adopted it had not discarded, but 
still retained their spark advance gear, this latter in practice was 
hardly ever used, the throttle only being relied upon for regulation. 
Nor could that control by varying the point of ignition, which had 
hitherto been almost univeraally employed, and which apparently. 
received the author’s approval-as it certainly did not receive his 
condemnation-be any more economical than the EyStem he 80 

sweepingly decried, for, with spark variation, whilst the full charge 
of mixture was drawn in, its full value as a power producer was 
only obtained when firing point and engine speed were in exact 
proper relation to each other. Although this method was useful 
and economical when spark variation was used to get the best results, 
yet when, owing to gradient, the engine speed varied, and when i t  
was used for the purpose of varying the engine speed irrespective of 
gradient, as had generally been the case, then it was probably the 
most waeteful and inefficient system of any. 
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Mr. A. SUGGATE wrote that the author mentioned (page 741), 
experiencing the trouble of pre-ignition supposed to be consequent 
upon the flashing of the cylinder lubricating oil, and in this 
connection the writer would give his experienco of getting over the 
same trouble in another class of engine. Some years since he had 
carried out a few experiments with caloric or hot-air engines, and 
had been much troubled by the inefficient lubrication of the cylinder, 
consequent upon the flashings of the oils used. Now a caloric 
engine was quite unlike a motor-engine, besides having its piston 
speed and initial working pressure very much less ; but in the matter 
of high temperature of the working fluid, they were both alike, and, 
if  there was any diffcrcnce, he thought the caloric engine wm the 
hotter of the two, for i t  had not the advantage of a water-cooling 
jacket that the motor engine had. 

He soon found that no satisfactory test results were to be obtained, 
unless a better means of lubrication could be devised, and with that 
object in view he cxamined samples of graphite, more commonly 
known as plumbago, from home and foreign markets. Having made 
a selection, and having mixed nith the graphite two or three other 
ingredients, a few rings viere made ; one of the rings was fixed on 
the face plate of a lathe, turned, bored, faced, and cut off oxactly in  
the same way as cast-iron packing-rings were made for steam pistons. 
This graphite ring was then cut into four equal segments, and the 
segments mounted in prepared recesses in a cast-iron ring of less 
diameter than the cylinder, so that the segments projected about 
&-inch beyond the side of the ring. 

The ring mas expanded by springs and secured in its place upon 
the piston by the junk-ring or head of the latter. With this solid 
lubricant the cngine ran succcssfully for some four or five days, 
averaging G hours per day ; the graphite ring was then examined and 
found to be but little worn, barely -& of an inch. Hc found that 
there was one thing that must be attended to, in order to make this 
solid lubricant B success, namely, that the packing rings must not be 
too tight, otherwise they would scrape the lubricant off the cylinder 
sides. He thought this was a common fault with most motor-engines, 
but perhaps this extra tightness of motor-engine packing-rings had 
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been found necessary, in consequence of the unequal expansion of 
the cylinder, due to the casting of the head and cylinder in one. 

To take an illustration showing how much pressure approximately 
a packing-ring should exert against the cylinder sides, let them 
assume the piston to make the out stroke in one second, let them 
also assume the packing-rings only to fit so tight as to let the 
working fluid when formed or let in the cylinder take one second to 
leak through or pass the rings ; then when the piston got to the end 
of its stroke, the working fluid was just beginning to leak through or 
pass the piston, but this did not matter, as the exhaust should now be 
well opened. It was certain that if the packing-rings were much 
tighter than this, i t  meant increasing by a good percentage the 
difference between the brake and indicated horse-power, for no 
apparent reason. I t  might be convenient to term this particular fit 
of the packing-rings their time-tightness or timc-fit, thus the faster 
the speed of the engine the less was their required time-tightness, 
and if the stroke of the piston was made in ; or -& of a second the 
time-tightness of the rings required to be approximately 8 or & of a 
second. I f  Captain Longridge could introduce successfully solid 
lubricating rings, he would get over all difficulty from preignition 
in the cylinder of motor-engines. 

Mr. W. SCOTT TAaGART wrote that the subjecl; of lubrication was 
one that occupied its due share of the Paper. Owing to the attitude 
of the author, i t  had been dealt with in such a manner as to leave the 
subject a purely open one, so that the remarks scarcely lent 
themsehes to be criticised. One might therefore enlarge on the 
points mentioned with the idea of showing that the questions of 
flash-point and viscosity were usually considered from an entirely 
wrong point of view. It might be pointed out that the suggestions 
on page 736 " that warm though not hot bearings, therefore, appear 
to be advantageous " was not quite the correct deduction to make, 
otherwise it might appear that the temperature of 82" C. mentioned, 
with its low co-efficient of friction, was the result of friction. Now 
82" C. (180" F.) was certainly hot for B bearing, and considerable 
friction must exist $0 produce this temperature, therefore a good deal 
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of power was being wasted. I f  a bearing was raised to 83" C. from 
some external source of heat, then the co-efficient of friction was 
decreased, but friction itself must not be the source of the heat. 

The question of premature so-called automatic firing of the 
petrol mixture or gas mixture was one that had, at  various times, 
received a good deal of attention, and was of considerable importance. 
One hears the words 4' flash-point " of oil frequently mentioned, but 
few gave much thought to it. The flash point to be taken was the 
closed test from the nature of the case, but the closed test was one 
made under the usual atmospheric pressure. I f  an oil had a closed- 
test flash-point of say 550" F., its flash-point under 75 lbs. pressure 
would be considerably higher ; in other words, i t  would require to 
be raised to a higher temperature when under pressure, before it 
mould give off inflammable vapour. Now, owing to the high 
temperature of the explosion, there existed no lubricating oil that 
could withstand such a temperature without disintegration and 
forming an explosive mixture, and if oil was anywhere near in 
sufficient quantities such a mixture was obtained. The object was to 
so apply the lubricant that i t  could only exist as a thin film on the 
wall of the cylinder, and this oil to have as high a flash-point as 
possible, the flash-point, however, must be found under the same 
pressure as the compression pressure; if a good oil were used, a 
slow feed was all that was necessary to keep the film intact. Such a 
f lm as mentioned would be almost prevented from vaporising, and 
so forming an inflammable mixture, partly because the wall of 
the cylinder would keep it cool, and partly because the interval of 
time during which the explosion lasted was too short to produce 
the vapour. The conclusion of this reasoning was, that the lubrication 
of a motor-cylinder must not be done on the spray method, nor 
admitted to the end of the cylinder where the explosion took place. 
As little oil aa possible must be used, so that it did not accumulate 
in this end of the cylinder. 

In regard to oil vaporising, it was common knowledge to those 
accustomed to make flash-point tests that visible vapour came off the 
oil at a considerably lower temperature than the flash-point, but this 
vapour did not appear to be inflammable, and i t  also did not interfere 
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with the lubricating qualities of the oil. Poor oils lost large 
percentages of their weight at a rapid rate at much lower temperaturos 
than their flash-points, and as such oils were poor lubricants, even 
large quantitiee have little effect in reducing friction. Speaking 
generally, oils might be Eaid to have three critical temperatures, 
namely, vaporising temperature, flash - point temperature, and 
distillation temperature. The burning point might be added, if 
this was considered apart from the flash-point. The following was 
an illustration of an oil that worked remarkably well on an oil- 
motor without leaving a carbon deposit : vaporising temperature 
194" F., flash-point 400" F., burning point 468" F., and distillation 
point 602" F. The vapour that came off between 191" F. and 
400" F. was not inflammable and i t  did not yield B distillate. It 
had to be raised to  603" F. before o, distillate was formed. 

The author remarked (page 740) on the formation of carbon 
deposits being probably due to the gas fuel ; the writer would say 
that that was true to a certain extent, but the poor lubricants 
frequently used, resulting in carbon deposits in larger proportions 
than deposits due to gas could be easily proved. The carbon 
resulting from the oil fuel was always in the form of a very thin 
film of soft soot, whilst burnt lubricating oil was hard granular 
carbon sometimes dry and sometimes oily or gummy. All that was 
necessary was to take an engine and use a variety of oils on 
it, and note the difference in the amount of carbon deposited. Some 
oils would be found to deposit more than others. Results obtaihed 
in this way also pointed to the fact that the flash-point of the oil had 
little influence on the burning up of the lubricating-oil in the 
cylinder. A high flashlpoint oil sometimes resulted in more cmrbon 
deposit than a lower flash-point oil. In  regard to the remarks on the 
last paragraph on page 741, the writer thought that the spraying of an 
oil in a gas-, oil-, or petrol-engine was not a suitable method of 
lubricating a cylinder; i t  vas not even good for a steam-engine 
using superheated steam. The only method was to get the oil on 
the cylinder walls without allowing i t  to mix with the petrol charge. 
A vertical engine, if the lubricant was not sprayed or allowed to get 
into the end of the cylinder, would never experience premature firing, 
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even with a low flash-point oil. The question of high flash-point 
oils being very thick at  normal temperature was undoubtedly a 
difficulty; there was no difficulty about making such an 08, but 
most of the advantages of a lubricant were lost in obtaining it, as it 
was likely to develop or deposit tar at a high temperature, and its 
lubricating properties disappear. A good oil that was limpid in 
minter and had a high flash-point could be easily obtained, and the 
writer's firm (Henry Wells Oil Co.) had not heard of premature 
ignition occurring on engines using their motor oils. 

A number of oil users, and even manufacturers, had incorrect 
ideas about viscosity. The influence of heat lowered the difference 
between thick and thin oils to an enormous extent ; for instance, let 
them take oils, one much thicker than others at  a normal temperature 
of say 70" F., now let them raise the temperature of each, and as the 
temperature increased, it would be noted that difference in viscosity 
decreased until at  the temperature of 400" P. there was practically 
no difference between them. The writer could extend the list of 
temperatures given below, but even at 400" F. the viscosities were 
sufficiently close to prove the point. All oils, whether thick or 
thin at  normal temperatures, when put into a hot cylinder of any 
motor, ceased to be distinguishable from each other so far as viscosity 
was concerned. The following were examples of four oils, A B C 
and D, showing vsnations in viscosity at various temperatures :- 

817.0 

1183'0 

,, C 1 453.0 

Visoositiee A 

9 1  B 

3, D ~ 3 0 1 0 ' 0  

TABLE 10. 

53.0 

53.0 

82.0 

79.0 

Temperatures. 70" F. 212" F. I I  
4G.0 

43.0 

51-0 

50.0 

40.0 

35.0 

34'0 

36.0 

250" I?. I 3000 F. 350" F. 

34.0 

31.0 

31.0 

33.0 

400" F. 

32.0 

30'0 

28'0 

31'0 

Dfr. HEOTOR M. WALKER wrote that the author raised certain points 
on the vital subject of lubrication, which were worthy of the earnest 
consideration of all engineers. I t  would tend to economy to use a 
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high-class hy dro-carbon grease, instead of oil, for change-speed gears, 
as loss from leakage would be practically done away with. He 
questioned if it were possible to fire a high-class hydrocarbou 
lubricant, such as "Wilburine" at  624" F. (maximum figures 
quoted by the author) or even at a temperature far beyond this. His 
reason for saying so was, that they took this oil in a test to 867" F., 
and there was no sign of fire or explosion during the accessions of the 
various temperatures up to this point. Professor Ripper in his 
experiments with superheated steam had taken '' Valvoline " (a grade 
lower than " Wilburine ") to 760" F with pcrfect satisfaction. 

The author quoted Messrs. De Dion and Bouton as having 
invented a self-igniter, in which a piston compressed a little of the 
petrol mixture, and the ignition striking back fired the charge. 
Could they not look in this direction for a probable cause of 
premature ignition? Let them suppose that (I miss-fire occurred, an 
augmented charge might be in the cylinder for the next explosion, 
and Messrs. De Dion's principle of ignition, by compression, be given 
effect to, in a premature manner. Regarding the author's experiment 
with petrol in B tin case at partial red heat, the failure to obtain 
ignition at this temperature seemed strange, unless the mixturc was 
" too poor." The successful ignition of the lubriceting oil, under 
similar test conditions, might be accounted for by saying that there 
was a richer mixture, and consequently more carbon' which was 
deposited on the hot surface (as the oil vaporised), and becoming 
incandescent, fired the charge. Was carbon in this dry state more 
potent as an ignitor than m&d at e partial red heat? Of course a 
partial red heat Was away beyond tho fire test (460' F) of the oil 
experimented with, which he assumed-from its fire test-was a low 
grade oil ; such an oil under certain conditions could become a source 
of trouble, if not actually dangerous. I n  internal-combustion engines, 
with an excess of such an oil in the cylinders, it seemed very probable 
that a portion of the petrol might be absorbed and held (more so 
when a miss-fire occurred) in saturation by the lubricant; an 
augmented charge of petrol was now in the cylinder, and might go off 
prematurely when the temperature favoured ignition before full  
compression was reached. 
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Looking at the question from another point of view, namely, 
deficient lubrication : this favoured a dry deposit of carbon (from the 
petrol). Now the liability of fine dust to fire easily is well known. 
Some might remember the explosion which mreckcd the Kingston 
Flour Mills in Glasgow a number of years ago ; the explosion and 
fires which occurred frequently in coal mines ; and even the simple 
experiment of dropping iron filings on to a flame, all tended to show 
how easily fine dust ignited and became incandescent. Suppose 
there was a deposit of dry carbon on the cylinder wall, i t  would be 
easily rendered incandescent by the sliding friction of the piston, 
thus supplying the flame to ignite the charge prematurely. 
Incandescence need not be continuous. 

He was entirely with the author in thinking that low-flash 
lubricants contained the elements favourable to cause promature 
ignition, but he did not hold with him in  demanding the highest 
obtainable flash-point in lubricating oils. I n  this connection there 
were two flash points to consider, namely, the highest possible and 
the highest practicable. To make his meaning plain, he would look 
at  this question from the oil-makers’ point of view. To make 8 

hydro-carbon lubricant of the highest grade, the still is filled with 8 

special crude stock, and a fraction containing the light hydro-carbons 
was distilled over, until a certain point was reached. This he 
mould call the “ critical point.” If quality of lubricant was the all- 
important consideration, distillation was now stopped, and in the 
manufacture of the “ Valvoline ” oils, this residue was repeatedly 
filtered through animal charcoal to remove all impurities and solid 
matter, which the crude oil might have contained. They accepted 
the flash-point that came in conjunction with other important physical 
conditions necessary to the production of a good lubricant. I f  they 
were looking for flash-point alone, they could drive the distillation 
further than what he had called the “ critical point,” and, if he might 
be allowed the expression, exceed the elastic limit of the material, 
damaging the original structure of the oil by burning i t  and causing 
the formation of tarry matter in the product, thus impairing its 
lubricating qualities. The following example would serve to 
illustrate the value of flash-point considered alone. His firm made 
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these two oils, namely, “ Wilburine ” cylinder oil by distillation with 
superheated steam and the filtration process already described, the 
other a common unfiltered cylinder oil :- 

‘‘ Wilburine.” Common Black Cylinder. 
Open Flash 5 3 5 O  F. 
Specific Gravity 0.900. 
Fire Test 6lOo F. 

Open Flash 680° F. 
Specific Gravity 0.909. 
Fire Test 66B0 F. 

Relative cost to the conaumer- 
“ Wilburine ” 60. Common Cylinder Oil 21. 

r He hoped he had made it quite cleai. that the highest obtainable 
flash-point was not the sole, or most important measure of value of 
Lubricating properties of an oil. 

Regarding the method of “ feeding ’’ an oil such as “ Wilburine,” 
he suggested that i t  should be fed through the side of the cylinder, 
against the piston, below the first packing-ring (top ring) when the 
piston was at the end of the working stroke, and a small groove 
turned in piston opposite the oil inlet; it would thus be applied 
exactly where it was required, and be diffused over the cylinder wall 
in a film by the moving piston. This implied forced lubrication ; 
the lubricator should be so arranged that it could not drain itself 
into the cylinder during a stoppage. I f  adequate means were taken 
to insure that a high-cIass hydro-carbon oil got to its work 
continuously, he was convinced that i t  would do better work than any 
mixed oil as at present used on gas- and oil-engines. The present. 
practice of using (t thin-bodied oil, that is free flowing oil, was 
necessitated by the conditions of feeding ; the mire dipper picked up 
the oil and dropped it into the tube through which it had to flow by 
gravity to its work. Progression by flow implied a light bodied 
(low-flash) oil, which was stiffened up by a large addition of animal 
oil, to enable it to stick to the hot cylinder wall. This addition of 
animal oil, in time, caused gummy deposits on the working surface 
of piston and cylinder. Oil of this type had been followed by 
‘‘ Wilburine” on motors with great success and satisfaction to the 
users after the gummy deposits had been cleaned away, which took 
some time, according to the oil previously used. A word or two 
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might be said about the apparent dearness of tt high-class oil. Method 
of manufacture regnlated the selling price and lubricating value of 
the oil. Oil prepared by the sulphurio acid process could be 
produced at a fraction of the expense that a charcoal filtered oil 
cost. The price per gallon,of the high-grade oil appcared high, but 
the efficiency per gallon was high. A corrcspondent writing to the 
“ Autocar ” (12 July 1902) said that his 3h-H.P. car, with &cooled 
engine, and no water-cooled head had run 2,000 miles on less than 
one gallon of ‘‘ Wilburine.” There were no bad effects, and the 
engine never overheated. A 3-H.P. ‘I Benz ” car ran 110 miles on a 
consumption of 14 oz. of ‘6 Wilburine ’’ for cylinder lubrication. 

Regarding the use of graphite for lubrication of cylinders of 
internal-combustion engines, i t  was used in the cylinders of the 
engines of a line of steamers from the Clyde to Bristol about twenty 
years ago. The superintendent engineer replaced cylinder oil with 
graphite and water. After a time cylinder trouble was reported on 
one of the steamers, with the result that tho cylinder was badly scored. 
Some time after this another steamer of the same line reported 
cylinder trouble. On examination it was found that the cylinder 
metal had fused in  a streak for the length of the stroke. The 
matter *as investigated, and the conclusion arrived at was, that m 
dry streak had occurred by friction of piston on the graphite-packed 
(pores of metid filled) metal of cylinder wall. Incandescence resulted, 
and fusion of cylinder metal followed. The action of graphite in a 
cylinder was to fill clearance spaces, and in time to choke passages 
where it could accumulate. 

Mr. J. VEITCA WILSON wrote that in respect to lubrication, the 
Paper raised four questions :-(1) The origin of the carbonaceous 
deposits; (2) the body and flash point of lubricants for water- 
cooled cylinders; (3) the means of application; (4) the use of 
pure hydro-carbon oils, fatty oils, or compounds of these in  
oil-engines. 

Some few years ago, having been interested in the origin of the 
carbon found in the cylinders of gas- and oil-engines, he applied for 
assistance to scveral of his friends who were kind enough to provide 
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him with data from actual work. As there was no room for detuil 
here, he furnished the following grouped figures :-Three gas- 
engines each of different make and, of 6, 24 and 90 B.H.P. 
respectively running for one week each = 160 hour6 total, used 
together 98,738 cubic feet, say 3,300 lbs. by weight of gas. During 
the same time these three engines accounted for lubricating oil as 
under- 

Quantity supplied . . . . . 24.1 lbs. = 0.73 per cent. 
,, recovered. . . . . 11'5 ,, =Om35 ,, ,, 
,, used(bydifference) . . . 12.6 ,, =0 .38  ,, ,, 

Two oil-engines, by the same maker gave the following results :- 
A new engine 25 B.H.P. in a week of 54 hours used 1,066 lbs. of 
petroleum, and during the mme period accounted for lubricating 
oil :- 

Quantitysupplied . . . I . 28.5 Ibs. = 2.67 percent. 
,, recovered . . . . . 15.3 ,, = 1.43 ,, ,, 
,, used(bydiffereuce) . . . 13.2 ,, = 1-24 ,, 

This engine being new took an extra quantity of lubricating oil 
BS compared with the next, an older and smaller engine, namely :- 
An oil engine of 84 B.H.P. which in a period of 66 hours' running 
consumed 449 lbs. of petroleum and of lubricating oil :- 

Quantilysupplied . . . . 4.371bs. = 0.97 percent. 
,, recovered . . . . . 1.37 ,, = 0'31 ,, ,, 
,, used (by difference) - . 2-00 ,, = 0 - G G  ,, ,, 

The figures on the right side in each case showed the percentage 
of lubricating oil to gas or to oil used for fuel, and from these i t  
would be seen that, in his communication to the author (page 740), 
he considerably overstated the proportion of lubricating oil (which he 
unfortunately gave from memory) used in relation to fuel. These 
figures however still more accentuated his contention that, as coal- 
gas and petroleum used for fuel and oils ordinarily used for lubrication 
of gas- and oil-engines had approximately the same formula (carbon 
84, hydrogen IS), it  wus reasonable to assume that the bulk of the 
carbonaceous deposits found in cylinders, or combustion chambers, 
valves, and silencing boxes, was due mainly to that material of which 
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the larger quantity was used. He did not, however, wish it to be 
supposed that he entirely repudiated all responsibility on the part of 
lubricating oils, as i t  was well known that the tendency to produce 
carbonaceous, and even gumming deposits was much higher in some 
mineral oils than in others, and that the quantity and nature of the 
despaifs in gas- and in oil-engines must to some extent be affected 
by the quality of the lubricant. 

I n  reference to the body and flashing point of oils for water- 
cooled cylinders, he would suggest that engineers had all been rathcr 
prone to treat them as they would treat air-cooled cylinders, or at 
any rate as if the crucial temperature to be provided for had been 
that of the explosion itself, rather than that of the walls of tire 
cylinder. As a matter of fact he took i t  that the conditions of fc 

water-jacketed gas- or oil-cngine were much less severe than those 
which they regarded with equanimity in a modern steam-engine. 
I n  tbe latter, every effort was made to maintain the highest possible 
temperature, and in an engine working at  160 to 180 lbs. pressure 
with live steam in the jacket, the walls of the cylinder must attain a 

temperature 360' to 370" F., whereas i t  seemed to be commonly 
accepted that the temperature of the walls of the water-jackcted 
internal-combustion cylinder might vary from 220" to 250" F. In 
the larger cars with large wheel base, good springs and ample, 
water-cooling arrangements, the working conditions were probably 
not much more severe than in stationary engines, and there was no 
reason why the former should not be satisfactorily lubricated with the 
oils of the same class as were adopted for the latter, but in smaller 
cars, with restricted cooling arrangements and greater vibration, oils 
of greater body were required. 

In respect to systems of applying lubricants, he took it that 
little better or more efficient systems could be desired than lubrication 
by splash from the crank-chamber in the case of vertical engines, and 
by the gas-engine method by dropping oil through the side of the 
cylinder on to the piston in the case of horizontal engines. The 
trouble came up in connection with the distribution of the oil, and 
mainly, he believed, through the inadequacy of the bore of the pipes. 
The choice of actual lubricators was ample and good, including as it 
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did Drake’s working by air pressure, Hamelle’s and Dubrulle’s 
separate apparatus working by positive pumps driven by the engine, 
tnd various systems dependent wholly upon gravitation, but unless 
cam was taken to provide a lubricator adapted to the oil required by 
the car, or conversely to select oil which would flow through the 
Lubricator, the results might bo disastrous. 

The last point referred to by the author in regard to lubricants 
was that of pure hydro-carbons v. compounds of pure hydro-carbons 
and fatty oils. Since Captain Longridge quoted such a high authority 
as Messrs. Crossley in favour of the use of fatty oils, he presumed 
as ingredients in lubricating oils for oil-engines, one hesitated to 
express a contrary opinion, although on the other hand it appeared 
to be the opinion of scientific experts, including Mr. Boverton 
Redwood, that fatty oil8 ought to be wholly excluded from use in 
internal-combustion engines of all kinds. He hesitated at  present to 
express an opinion regarding the use of compound oils in oil-engines, 
although practice had certainly shown that oils of this description 
might be and were used with most satisfactory results in gas- and 
petroleum-engines. He hoped, however, to have an opportunity of 
making practical trials, with a view to obtaining further information 
zegarding this matter, and he would no doubt be able to publish the 
results when these had been obtained. I n  conclusion i t  might, 
however, be worth while to remind the members that, as fatty oils 
contained the elements of fatty acids, which required for their 
formation the addition of oxygen, the necessary conditions appeared 
to be provided in internal-combustion engines by the formation of 
water as one of the products of combustion, one gallon of water being 
formed for evcry gallon of spirit or oil consumed. 

xr. CEARLE~ WOOD wrote that there were, to his mind, some very 
great improvements necessary to place oil-cars on a commercial 
footing. The car should be such as not to require an expert man to 
drive and lrcep i t  in repair, but so that any man of ordinary 
intelligence could take charge of it. A great amount of trouble 
might be avoided by discarding the multi-speed gearing, and making 
the engine speed variable at the will of the driver, so that he could 

3 0  
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fix it easily at any speed from 300 to 900 rcvolutions per minute, 
and geared so that the 900 revolutions per minute would give twelvc 
miles per hour, This would also do away with much of the offensive 
rattle of the car, and would make i t  at once simple and efficient in 
its performance. 

One speaker mentioned the trouble that he had experienced with 
exhaust valves, when the speed of the engine reached 1,000 revolutions. 
The writer did not think he could expect any other result from such 
a speed, and would draw his attention to the following figures, 
namely : -1,000 revolutions = 2,000 strokes per minute, which gave 
33 strokes per second. This did not give very much time to fire and 
expand the light charges that would occur when the engine was 

Oil Eizgine (Cruaeii) 250 revolutioiis per minute. 
F I G .  41. FIG. 42. 

Without water injection. With water injection. 

firing every cycle. To enable him to discharge the burnt gases 
rapidly, he used a valve of large diameter that must be lifted against 
the pressure of the exhaust. At such 8 high speed the charge would 
only be partially burnt at the end of the stroke. He was therefore 
opening the exhaust-valve probably against a pressure of 70 or 80 lbs. 
per square inch, and instead of burnt gases passing the exhaust 
valve he would get the flame of the explosion. 

With regard to the injection of water with the charge, hc showed 
two diagrams, Figs. 41 and 42, taken from a stationary oil-engine 
using common paraffin. It had a 43-inch piston and ?-inch stroke 
at 250 revolutions per minute. He built i t  seven months ago, and 
i t  had been in constant use ever since. Fig. 42, with the water, was 
certainly the better, and a similar one worked out at 48 lbs. per square 
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inch mean-pressure. A diagram similar to Fig. 41 worked out at  
42 * 8lbs.per square inch. Fig. 41 showed earlyfiring at  each explosion, 
while Fig. 42 fired at  the exact point: When an excessive quantity 
of water was used, the engine fired late ; as the water was increased, 
the engine fired later. He accounted for the two heavy shots on 
Fig. 42 through the apparatus for injecting the water being a 
temporary drip arrangement that probably did not keep time with 
the oil pump. He did not think early firing was caused by the 
vaporisation of the lubricating oil, unless it was caused by the carbon 
deposits forming small projections on the combustion-chamber walls, 
that remained in a state of incandescence. Referring to the engine 
recently designed by the author of the Paper, the writer did not 
think it would revolutionize the motor-car industry. I t  would came 
very rapid heating of the cooling water, a notable weak point in all 
engines of the two-stroke type. 

Capbin LONGBIDOE, in giving his written reply to the speakers and 
correspondents, wrote that he would follow the subject-order of the 
Paper :- 

Ho&ontaZ Motors.-He would not waste time over such 
continental engineers as, Mr. Sennett stated, attributed difficult 
lubrication snd uneven cylinder wear to the horizontal motor. The 
objections were popular fallacies. 

Certain other Mofors.-As regards his (the author’s) two-cycle 
motor, Mr. New (page 791) was in error. The scheme would not be 
equally applicable to a four-stroke engine, To uae the front of one 
cylinder to pump air into the combustion chamber of ths other 
cylinder would only involve waste work, unless the air so pumped 
was carburetted and fired, when the engine at once became two-cycle. 
He was also mistaken in supposing the engine had a reduced charge. 
The amount of air drawn into the front of the cylinder by the more 
complete vacuum in his engine was really greater than that sucked 
into a similar-sized Otto cylinder, because in the latter the presence 
of the exhaust rendered the vacuum very imperfect. Again, in the 
ordinary Otto motor, air and petrol vapour together were drawn in, 
but, in his motor, air alone was taken, consequently in a larger amount, 

3 0 2  
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and, as this was completely pumped into the combustion chamber, the 
charge was heavier in his than in the Otto motor, even allowing a 
deduction for the piston-rod. 

Mr. Sennett (page 795) and Mr. Hemingway (page 845) thought 
that the utility of his type of motor mould be heavily discounted by 
the fact that the design made a very long engine ; that a piston-rod 
and stuffing-box had to be employed, that the latter would probably 
heat and give trouble, and that the cross-head and guide mould wear 
heavily, unless enclosed, etc. In  reply he would say that his 
impulse-every-revolution twin-cylinder, 4-inch diameter by 6-inch 
stroke vertical motor, measured 27 inches from the centre of the 
crank-shaft to the highest point, which certainly was not a long 
cngine. Longer motors were not objectionable, if the horizontal type 
were used. As the piston-rod ran always in cool air, he did not 
anticipate any heating trouble; i t  waa very doubtful whether n 
stuffing-box would be needed, as a slight escape of air would be 
immaterial. The cross-head and guides mere enclosed in the crank- 
chamber. Less adjustment was required than in the Otto cycle, 
because there was a constant thrust on tho bearing. The total 
number of valves was less, because there was half the numbor of 
cylinders. The estimates given did not show that the motor would 
be expensive to build, nor was there any reason why the upkeep 
should be heavy. 

Mr. R. Lucas (page 800) and Mr. Mervyn O’Gorman (page 811) 
had advocated methods of construction which were characteriatic of 
the ‘‘ Day ” engine. On the score of simplicity, there was a good 
deal in favour of this type, but it was open to objections which were 
duly set forth in the usual test-books. 

Residual Guses-Fuel Economy.-On the former point the speakers, 
he th@t, had not appeared to appreciate the difference between 
gas- aind petrol-engines. Gas-engine exhaust was usually isert, 
petrol-motor exhaust rarely, if ever so. This was due to the high 
speed of the motors, and the slow burning of petrol mixtures. Tho 
incomplete combustion could be recognised by long streaks of flame 
from the ports when the exhaust-pipes were removed. He had 
recently proved it by a MIathot indicator diagram from a Daimler 

(Captnin Longridge.) 
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Lba. 
20 
30 
50 
40 
50 
40 
50 

twin-cylinder motor, governed on the “hi t  and miss,” in which the 
exhaust gases were retained in the cylinder. The typical curve so 
obtained was the following Fig. 43 :- 

FIG 43. 
X a t k o t  Indicator Diagram, 

From Twin-Cylinder Motor (Duimler). 

6 5  

1 
1 
1 
1 
1 
1 
1 

I t  would bc observed that the pressuro immediately following 
the L b  cut-out ” was much higher than the average pressure of explosion 
marked 1 , showing that combustion continued during tho course of 
period 3. The actual rates of combustion of petrol mixtures, under 
the conditions of engine work, did not appear to have been 
ascertained. In  1900, Mr. C. E. Oliver made some experiments~ 
with gasoline air mixtures, the gasoline ha-iing a specific gravity of 
0.71, and a calorific value of 21,500 B.Th.U. The mixtures were first 
thoroughly diffused, transferred under the given pressure to the 
explosion cylinder, and then electrically fired. The result8 are 
tabulated as folIows :- 

TABLE 11. 

Lba. 
20 
30 
50 
40 
50 
40 
50 

1 8 
1 8 
1 8 
1 10 
1 10 
1 11  
1 11 

8 
8 
8 

10 
10 
11  
11 

I 
Ratio. Compression 

Gauge. Time of Explosion. 

- 
Second. 

0.09 
0.03 
0 08 
0.07 
0’08 
0‘08 
0.07 

Second. 
0.09 
0.03 
0 08 
0.07 
0’08 
0‘08 
0.07 
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I n  a motor at work, the initial temperaturc mould be higher and 
combustion would proceed under expansion, both factors accelerating 
ccrmbustion ; on the other hand, tho diffusion would be less perfect, 
tending to produce slower burning than in the above tests. Whatever 
the real rates mere, i t  was ccrtain that thc high speed of the petrol 
motor led to incomplete combustion. The residuum was still active, 
and that was one reason why its presence, under certain conditions, 
led to economy. I t  also assisted the rapidity and completeness of the 
charge combustion by the heat i t  contained and imparted. In  his 
Paper on the ‘‘ Pressure Indicator,” Mr. J. E. Petavcl stated :-&‘ I t  is 
noteworthy that the change of curvature (increase of pressure at  
0.05 second after ignition) occurs when the gas is at a mean 
temperature, about equal to that‘at which spontaneous ignition would 
take place. A similar result would, therefore, be obtained if we 
heated the gases, by the combustion of a certain portion of them, 
until the entire bulk was at the ‘ flash’ point ; the combustion would 
then take place simultaneously throughout the entire mass, resulting 
in an almost instentaneous risc to  tho maximum temperaturc and 
pressure.') The secret of the perfect combuation of the Diesel 
engine lay in the pre-heating of the air to a temperaturc at which all 
the constituents of the explosive charge could simultaneously 
combine. The prcsence of hot exhaust-gases promoted pre-heating, 
and in this respect also tended to rapid and perfect combustion, and 
zhus economy. Mr. Hemingmay’s view of the temperature question 
he considered quite wrong. I n  fact, he did not think that any of the 
speakers really sufficiently appreciated tho slow combustion of oil 
and petrol mixtures, and the value of any method of accelerating it by 
raising the charge temperature within the cylinder. He mould, 
therefore, like to refer them to Dr. A. Witz’s account of Petreano’s 
experiments in 1896, described i n  c L M o t e ~ ~ s  b Gaz et b PQtrole,” 
1899, Tome iii, pp. 144-5. “ En 616vant la tempbrature de ce dernier 
(l’air,, un arrive i~ rendre explosif un mhlange qui ne le serait pas 
dans les conditions ordinaires . . . on 6vite ces combustions lentes 
et prolongkes . . . le travail augmente donc, et &I. Petreano afirme 
avoir obtenu vingt-quatre chevaux par un moteur Otto qui en 
d6veloppait d’abord diEcilement seize. Les encrassements du 
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cylindre disparaissent . . . Enfin lo rendement du moteur est 
ami.liorb.” 

Were i t  not for arguments that had becn advanced, i t  would be 
unnecessary to explain that DO spccial virtue was claimed for 
exhaust gases as such; what virtue they had consisted in further 
combustibility and imparted heat. When, therefore, Professor 
Robinson (page 779) cited Mr. Oliver’s experiments to  show that 
lower explosion pressures were produced with residuum present than 
with a fresh pure mixture, he was rather beside the point. Mr. Oliver’s 
residuum was obtained from a previous explosion protracted to 
complete combustion ; it was, thorefore, inert ; and i t  was also used 
cold. It was, thcrefore, devoid of the two properties from which 
alone increased pressures could be expected. I n  1896, in the 
discussion on M i .  D u g ~ l d  Clerk‘s Paper,” Mr. G. Richard, of Paris, 
expressed his opinion that ‘( the prosence of the burnt gases did not 
impede the complete combustion of the active gas, and it appeared to 
diminish rather than augment tho losses through the cylinder walls 
and the exhaust.” At the same discussion, Dr. Witz, referring to 
the experiments, confirmed by Mr. Groves at this present meeting, 
remarked, L L  the success formerly obtained by Schrab, who recar- 
buretted the burnt gases and introduccd them again in the cycle, 
further canfirmcd this view.’’ Quite recently, M. Mathot, an 
engineer with great expcricncc of petrol motors, wrote to the author : 
*‘ D’autres constructeurs cstimeut que la prksence de gaz brfilbs dans 
le  mblange dktonnant a pour consGquence de rcndre celui-ci moins 
inflammable ; A, notre avis ceci n’est cxact que si la proportion de gRZ 

brfilbs dhpasse une certaine limite . , . ” 
I n  the author’sopinion, theunqualified condemnation of thepresence 

of exhaust gases in petrol motors, raised at this discussion, expressed 
a popular fallacy due to imperfect appreciation of facts. I n  running 
light, as in governing on the exhaust, the presence of exhaust, for 
the reasons given, undoubtedly conduced to economy or lower fuel 
consumption. Mr. J. Johnston (page 810) and Mr. 13. Sturmey (page 
873) considered economy in fuel to be a matter of indifference. This 

* The Institutioz of Civil Engineers, Proceedings IS95-189G, vol. csxiy., 
page 192. 
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was a light-hearted statement that an engineer should be chary of 
making. I n  the great and nidcning application of the petrol engine 
to commercial p~~rposcs, the fuel bill mould be a factor of importance. 
But it was not only a question of cost. By improving combustion SO 
as to use the minimum fuel for a given power, there mas less fouling 
of the cylinder and valves, lower exhaust tempcrature and reduced 
wear of the exhaust vdve; in a word, cleaner and better running, 
requiring less attention and fewer renewals. 

Piston Speed.-Mr. Roots (pagc 517) and Mr. New (page 790) 
suggested that he imagined a longer stroke gave greater expansion- 
He thought he had clearly expressed that the longer stroke admitted 
the use of a slower running motor, reduced piston speed, and more 
time for combustion-very necessary for oil and spirit fuels. He 
had enumerated [page 674) several reasons why very high piston speed 
was undesirable. He would now state the views of others who had 
studied the question. Dr. Slaby, experimenting with a small twin- 
cylinder Otto motor, found that if  it  n-ere allowed to run continuously 
for some time, and the speed be increased, certain phenomena 
appeared which counter-balanced the favourable effect of t b  
increased speed. Theso were chiefly manifested by rise in the 
temperature of the exhaust and increase cf negative nvork. Dr. Wits 
also observed that, while the higher speed of tho engine diminished 
the time during which wall action took place, this was cmntes- 
balanced by the more powerful action of the walls during that 
shorter time. Mr. Clerk, in 1P.96, stated “ in small engines high 
piston-speeds are not practicable for many reasons.” While 
Professor William Robinson, in his present work on “ Gas and Oil 
Engines,” remarked, “ For an oil engine, the efficiency and power 
increase with the speed of piston, up to a certain limit . . . . and a t  
higher speeds . . . . the efficiency and durability deereaso, although 
the power may be increased.” 

I t  was not SO easy to fix the exact spced limits, the main factor 
being the so far undetermined rates of combustion. Professor 
Robinson considered that for an oil engine (also for petrol motors), 
600 to 700 feet per minute was the limit, above which efficiency 
suffered. In  a recent communication to the author, R1. Mathot 
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wrote:--“J’estime que la vitesse qui se concilie le mieux avec 
l a  vitesse de propagation de la flamme doit correspondre B 3 B 
4 m. L9.9 to 13.2 feet] de vitesse lineaire moyenne de piston, 

s’exprimant comme suit, b = 3, od C reprbsente la course en 

metres, et la le nombre do tours par minute. Jusqu’h present il n’n, 
que j e  sache, pas Bt6 fait de sBrieuses experiences sur la vitesse de 
propagation de la flamme dans les m6langcs sou6 compression d‘air 
carbure, comme jadis mon ami M. Dugald Clerk en a fait de 
mBmorables sur les melanges de gaz et d‘hydroghe avec l’air, en 
vue des moteurs industriels. Neanmoins, la pratique, en ce qui 
concerne les moteurs d‘automobiles, semble confirmer Is thhorie 
admise en matiere de moteurs B gar; industriels, oh il n’est pas d‘usage 
de dBpasser une vitesse linbaire de piston de 3 h 3.50 m. par seconde, 
ou 600 B 670 feet par minute.” 

Mr. G. Knap, in  “Les Secrets de Fabrication des Moteurs B 
Essence,” gave the following speed limits which i t  was not 
advantageous to exceed :- 

TABLE 12. 
Maximum Motor Speeds. (G. Enap.) 

Cn 

Blotor Dimensions. 

Diameter. 

mm. 

62 

66 

72 

80 

so 
85 

85 

DO 

90 

intlica 

2-54 

2.53 

2 . s 3  

3.15 

3.15 
3 . w  

3.35 

3.54 

3.54 

JJ 

~ 

Stroke. 

inchee. 

2.75 

2-87 

3.15 

4.72 

4.33 

5.90 

4.92 

6.10 

5.12 

Revclutiona per 
Ninute. 

1,400 

1,600 

1,700 

900 

1,000 

750 

s30 

$00 

750 
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The adaptation of piston spccd to thc rate of combustion was 
insisted on by Mr. G. Moreau in his L L  Thirorie des Moteurs B Gaz ” 
(1902, page 150) in these terms : L L  Mais l’expbrience est 1L pour nous 
apprendre que trop souvent les gaz sont ma1 brfilhs, et nous croyons 
devoir insister sur ce point capital : Propnrtiorrner la vitesse du piston 
h la nature du me‘lange eqjloy!.” This advice mas evidently 
endorsed by Mr. C. Wood (page 886). 

Muterial.-Professor Turner would, he felt sure, be surprised that 
Nr. Hemingmay could snppose the cylinder casting mixture given 
(page 676) resembled manganese steel. On this point, Professor 
Turner had written : ‘‘ The difference between cast-iron and steel 
is that the former contains over 2 per cent. of carbon, as a general 
rule, acd steel seldom has more than 1.5 per cent. of carbon. Steel 
contains practically no graphitic carbon, so manganese steels, which 
may contain more carbon than usual, are at once distinguished from 
my cast-iron by having no graphite, und all the carbon in tho 
combined form. My mixture also contains more silicon and 
phosphorus than could bo permitted in steel.” No doubt good 
castings could be obtained with Mr. Hemingway’s analysis (page 
846), but not cheaply with British irons. Tho total carbon was too 
high and the phosphorus too low for our ordinary run of metal, and 
was more like what was obtained in America. 

Tralves.--Since the discussion, mechanically-operated valves had 
come so prominently into use that he would not further urge their 
merits. A controversy on the subject had been waged in the 
automobile press, and those interested might study the pros and cons 
i n  tho “Motor Car Journal” (15 Nov. and 6 Dec. 1902), Motor 
Cycling” (19 Nov., 1902), LL Autocar”(23 Nov. and 6 Dec., 1902), 
“ Automotor ” (29 Nov., 1902), etc. 

Ca!al.burettors and Carburefting.-He disagreed with Mr. J. 
Johnston’s preference of the suction to the positive feed carburetter 
(page 860). Properly designed, the latter would act at high specds. 
He also disagreed with Mr. Johnston’s and Mr. Hemingmay’s 
advocacy of carburetting the charge, as it was inhaled. He was 
convinced of the superior advantage, for rapid and perfect 
combustion, of igniting the charge at  8s nearly 8s possible m 
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temperature at  which a71 the charge constituents would combine. 
With the usual system of drawing in a carburetted charge, the risk 
of premature ignition rendered thie impossible. The better plan, 
therefore, N ~ B  to fill the cylinder with air only, pre-hest this by 
compression and by surface contact,and then inject the fgel. Surely the 
superiority of this method was established by the Diesel engine. By 
surface contact was meant contact with 3 hot, unjacketed combustion 
chamber. The separation, as far as temperature was concerned, of 
the combustion chamber from the working portions of the cylinder 
was very desirable. ‘‘ Der Verlust,” remarked Professor Nu@&* 
“durch die in das Iiiihlwasser iibergefiihrte Wiirme ist einer der 
Grossten Miingel der Gasmachine in ihrcr heotigen Entwicklung. 
Die Wasscrliiihling is unbedingt notwendig, so lange Arbeitscylinder 
und Verbrennungsraurn vereint sind ; wiire eine Trennung dersclben 
praktisch durchfiihrbar . . . . dann konnte diese Verlust vermindert, 
moglicherweise vermeiden merden.” Deferred carburation permitted 
of o temperature separation, and, givcn a proper method of injecting 
fuel into an adequately heated volume of air, this method was greatly 
superior to the systems of pre-mixing now in vogue. 

Fuel.-Several communications had been made on the subject of 
fuel, and the effect of water in the charge. Ms. Sennett’s experiment 
(page 795) with water vapour rather bore out the results observed in 
the petrol motor, as recorded in the Paper (page 694). Possibly both 
results were also in some may connected with the phenonisna 
observed by Berthelot and Vielle. They had found that the presence 
of a little steam, say 5 per cent., had 8 marked influence on the 
velocity of the explosion wave in carbon monoxide, increasing i t  
from 1,090 or 1,264 to 1,700 inches per second, whereas more t h m  
8 per cent. of steam had the opposite effect. The conclusion of the 
French scientists was that, at the temperature of ordinary combustion, 
the oxidation of the carbon monodde was affected by the interaction 
of the steam. The whole question of the explosion wave i n  gas- and 
oil-engine cylinders and its effect on the combustion of the charge 

* Grundlagen dcr .Tlieorie nnd des &UN33 der Wiirmekraftmaschinen,” 
1902, page 701. 
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was exceedingly complex and far too lengthy to discuss here. 
I n  the ‘6 Rorseless Age” * Dr. C. E. Lucke recently gave the 
result of several years’ experimental work in the study of the 
vibratory movements which always developed when a gaseous mixture 
was exploded. These were the chief causes of flame acceleration, and 
for reasons as yct insufficiently known, tho effect produced was very 
variablc. He (the author) had drawn attention to  certain tempcrature 
phenomena in Professor Burstall’s gas-engino experiments, which he 
attributed to explosion wave. If his theory was correct, i t  mould be 
found that the curve of temperature loss would vary according to the 
shape of the combustion chamber, the nature of the fuel and the 
method of ignition, because the explosion wave varied with these 
factors. I n  the nature of the fuel, he included the presence of steam 
or water. 

Mr. Holroyd Smith (page 808) blamed him for not telling them 
the proper quantity and moda of applying water ; he wished he could, 
But he thought the long and careful experiments necessary might be 
undertaken by a Petrol Motor Research Committee. 

Mr. Hemingway (pago 8g5) had made a lengthy communication 
on the subject. He thought that this gentleman had quite 
misunderstood him. He (the author) had taken pentane far 
illustration purposes only. Everyone lrnew that petrol had other 
constituents, the main being hcxane, heptane and octane. The 
communication contained many errors. The specific gravity of 
pentane should be 0’ 628. The calorific value mas not 12,425 B.Th.U. 
(page 848), but more likely 20,499 B.Th.U. available. The other 
heat values, if based on the figure given would all be wrong, I n  
equation (l), where was the other unit of oxygen? The results in 
(1) and (2) were impossible, because the petrol would be decomposed 
long before the temperature at  which the water decomposod. The 
reactions under ( 5 ) ,  (S), (7), could not exist, because the OXygC!R 

would at  once combine with the carbon. But the broad line of 
reasoning was also quite wrong. Mr. Hemingway appeared to 
imagine that the chemical reaction hypothetically attributed by the 

* “Horaeless Age,” 19 November 1902. 
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author to a verj- small portion (page 698) applied to the whole 
charge. That, of course, was the fatal error that made further 
discussion unnecessary. He could not agree that the diagram, Fig. 8 
(page 697) was useless. I t  was exceedingly pertinent, because it 
showed that the splitting or dissociation of a charge into lighter and 
heavier constituents led to irregular burning. I t  also graphically 
established the fact that the rate of combustion for carbonic oxide was 
lower than for hydrogen ; and thot in the case of their mixture, the 
rate of burning, cvcn in complete combustion, was not the mean of 
the two rates ; but the two gases appeared to burn separately, each 
with its own rapidity of flame propagation. Hence the observed 
maximum pressure would not correspond to a uniform combination of 
the mixturc. Nor could he admit that the Tables 1 and 2 (page 699) 
and diagram, Fig. 9 * (pago 700), were useless. I t  was quite the 
rever~e. Petrol constituents lay in the same series aa kerosine, and 
the phenomena of combustion mere strictly analogous. He feared 
Mr. Hemingway’s suggestion of ether (page 852) as a substitute for 
petrol was impracticable. Just  the same restriction as to carriage 
mould apply to ether. The evaporation losses and dangers would 
be greater ; while the cost of manufacture mas far greater. There 
was first alcohol to be made, and then, from that, ether to be 
manufactured. His correspondent hardly appreciated the function 
of the so-called “enricher.” The object was to add something that 
would cause quicker and better combustion of the petrol, or evolve, 
as picric acid for example, a larger volume of gas on ignition. He 
sympathized however with Mr. Hemingway, as he did with everyone 
who tried to find an improved fuel. What was wanted was a quick- 
burning fuel, giving no more heat than could be dedt with by 
air-cooling. To combine the required conditions of weight, power, 
and size with such fuel would, he thought, involve large light, thin 

* In reply to Mr. Barcroft’s query (page 843), Messrs. Tangyes had written : 
--“We h a w  now examined a large number of diagrams, and find that the size 
of the gap varies considerably; but we do not think the slight difference in 
speed between the various engines is sufficient to account for the variation i n  
the gnp.” 
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(Captain Longridge.) 
steel cylinders, high compression, and impulse every revolution. He 
commended to chemists the fuel question, and asked them to 
remember that the possibilities of calcium carbide had not yet 
been exhausted ; to metallurgists, he suggested the experimental 
determination of the best composition for steel cylinders; and 
to engineers the design of the impulse-every-revolution engine, tho 
realization of which he thought lay on the lines of his own engine. 

It was interesting to hear that both Mr. C. Wood (page 886) and 
Mr. J. Johnston (page 862) had obtained increase of power by water- 
injection, the latter nearly ten per cent., while at the same time 
avoiding the necessity for watcr-jacket cooling. The difficulties of 
adjustment in the water-feed appeared to have been quite overcome 
in the Banki motor and in  ‘the Priestman engine ; and would be 
still less, if the water were in some way part of the fuel, as in the 
case of alcohol. 

I n  answer to Mr. E. L. Orde’s query (page 869), he would say 
that the petrol was introduced through the ordinary Daimler suction 
jet-carburator. The water leaked into the combustion chamber 
through a porous casting. 

Ignition.-Mr. O’Gorman (page 817) misunderstood his suggestion 
(page 705) as to the points of firing. The object was to avoid a 
dead blow on the crank-pin. In the Simplex gas-engine, the charge 
was fired just after the commencement of the outstroke, instead of on 
the dead centre ; the modification greatly reduced shock upon the 
working parts. If Mr. Sturmey referred to the Paper (page 709), 
he would find that he (the author) had pronounced control by 
varying the point of ignition to be wasteful, and, in the hands of 
an inexperienced driver, risky. 

Governing.-It W a s  evident that he (the author) alone criticized 
the system of volume throttling. In 1901, Mr. F. D. I-Iowe had 
published * a series of explosion-engine diagrams, on which he 
remarked that throttle-governing ‘‘ has the area, below tho atmospheric 
line, chargeable against it, which may often amount to 7 or 8 per cent. 

* ‘I Horseless Age,” C November 3 801. 
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of the indicated horse-power of the engine.” (‘ The sudden change,” 
he added, ‘‘ from vacuum to prcssure, in the compression line cannot 
be good for the inlet valve, as it must cause more or less slamming 
at high speeds.” b6 Diese Methode der Regelung,” says Professor A. 
Musil (a id ,”  p. 669) ‘‘ ist allerdings sehr einfach ; vom Standpunkte 
der Warme ausnutzung, jedoch hiichst unvollkomen, und dahcr 
verwerflich,” and this was precisely his own opinion. 

Charge Ezpnnsion.-He agreed with Mr. Sisson (page 871) that 
the increased-expansion gear mould probably wear badly, and. was 
inapplicable to any but small motors ; and was pleased to find they 
agreed on the matter of steel. 

FIG. 44. F I G .  45. 
Bifiwcated Exhailsf. Silencer (€tonan). 

I 

a 

I 

Silencers.-The stress laid on silent running led him to make 
two further suggestions. The first was to cool and thus reduce, a6 
much as possible, the volume of the exhaust, by leaving exhaust 
pipes unlagged, and possibly fitting them with radiating ribs. The 
second was to try whether there might not be something in the 
principle of mutual interference or destruction of the sound 
waves by the juxtaposition of double discharge openings into or  
from the silencer. The diagram above,t Fig. 44, showed a bifurcated 
exhaust, the two opposed currents impinging upon each other. 

* See footnote to  page 895. 
j- ‘‘ Horseless Age,” 29 October 1902. 
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The same principle was applied in the A. G. Ronan’s (Canada) 
silencer.” Thc muffler consisted of two hollow members, arranged 
with their exhaust mouths opposite each other, Fig. 45 (page 899). 
The gas entered through inlet a, passing each side, as shown by 
tzrrows. I t  then entered from opposite sides of the perforated 
hollow diaphragms b into the outlet pipe c ;  d was a baffle plate. 

Change-Speed Gear.-The gain in power by its elimination WOE 

evinced by Mr. Lucas’ statement (page 801) ; and also indirectly, by 
the fact that, in the recent Chateau-Thierry hill-climb, both the 
light and heavy-car events were won by vehicles with direct drive 
on the top speed, the motors being of lower power than many of thc 
competing engines. He had long advocated both features, and 
believed that the car of the near future would be gearless, for which 
innovation the two-cycle motor was far better adapted than the Otto 
engine. 

Lubr.icatioiz.-Before dealing with comments on this subject, 
he might mention that, as regards the addition of water to the oil 
in the base chamber, he had noticed t that Mr. 11. D. Meier testified 
to its efficiency as a cooling agent. I t  would also be remembered 
that Messrs. Priestman Brothers $ claimed that, owing to the reduction 
of temperature and the partial recondensation of the injected water, the 
friction between the piston and walls was reduced, and the escape of 
gas past the piston was diminished. He thought that makers who 
experienced cylinder cooling difficulties would find a remedy in 
adding water to the base chamber. 

Touching the possibility of pre-ignition arising from lubricant 
Tapour, Mr. H. S. Bult (page 844) had offered D very interesting 
explanation. He would not discuss this question further than to refer 
to one of the first of the gas-engine experiments at the Institution 
of Technical Physics, Georga Augustus University, Gottingen, 
reported by Professor Eugen Meyer in the Zeitschrift des Vereins 
deutscher Ingenieure, 1901, page 1,297. On varying the cylinder 

(Captain Longdge . )  

* “Horseless Age,” 12 November 1902, page 539. 
t I7&7., 23 J u l y  1902. 
$ Patent-2358297. 
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lubrication from one drop per second to nearly continuous flow, 
it was found that, with practically the same mechanical efficiency, 
the gas consumption decreased from 29 cubic feet to 23-2 cubic feet 
per B.H.P. hour, the load remaining constant. The tests showed 
that even at comparatively low wall-temperatures (6l0-158” F. ), 
lubricating oil was vaporized and contributed as fuel to the work 
done on the piston. Now it  was known that heavy oil vapour, being 
less chemically stable, was readily ignited, so readily that, as 
Professor Robinson recorded, automatic ignition of petroleum vapour 
and air could be produced in the cast-iron vaporizer of the 
Hornsby-Akroyd engine, at a temperature such that the hand might 
he held on the metal without any unpleasant sensation. On the other 
hand, it had been shown both by the author and by Messrs. Carless, 
Capel and Leonard, and in recent experiments carried out by the Booth 
Cycle, Motor and Engineering Co.,* that petrol vapour and air would 
not ignite except by the application of a light. To these 
experiments he would refer Mr. H. M. Walker (page 878). Pressing 
these facts no further than to establish as certain that petrol vapour 
needed, for ignition, a far higher temperature than heavy oil vapour, 
was not the conclusion cogent that if the two vapours were together 
present in the cylinder the latter would ignite first? In other 
words, given the necessary conditions of compression and temperature, 
the firing of the heavy oil vapour of the lubricant might be a caiwe 
of the premature ignition of the petrol charge. 

Mr. Bult again has given (page 844) an interesting and probable 
explanation of the reason why Messrs. Crossley Brothers found 
gas-engine oil unsuitable for oil-engine lubrication. 

Mr, Suggate’s experience with plumbago (page 874) for cylinder 
lubrication tallied with that of Messrs. Cario and Wagner. Their 
experiments t pointed to lubrication with pure graphite as the most 
desirable system, the least costly and the most cleanly. Where 
carbuirttion mas deferred until the end of compression, and loose- 

* “Practical Engineer,” 5 Dec. 1902, page 539. 
’i ‘‘ Mittheilungen &us der Praxis des Dnmpfkesirel und Dampfmasehineu 

Betriebes,” 1902, page 53. 
3 P  
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(Captain Lougndge.) 
headed cylinders were used, might i t  not be possible to fit :I spring 
ring of plumbago on the piston head ? 

He was not sure that he could accept Mr. W. Scott Taggarts’ 
distiuction between the carbon deposits due to fuel and to lubricant 
(pago 877). In  the distillation of oil both soft soot and hard 
granular deposits were obtained ; and he had found the latter on thu 
outside of inlet valves, where of course no lubricant was present. 

Mr. FI. BI. Walker (page 879) claimed economy in the uue of’ 
grease instead of oil for change-speed gears. He (the author) codd 
not endorse this. He had been for several gears a manufacturer and 
patentee of‘ railwav axle-boxes, and had from the very first wged on 
railway companies the use of oil in preference to grease. Nowadays, 
ucarcely a grease axle-box remained except on goods wrtgons, wldch 
were liable to receive less attention. ’ In  the first place, greaue 
tiid not lubricate until melted by the heat generated through 
friction. I n  the second place, the removal of the solid hydrocarbonh 
improved the lubricating properties of an oil. For cylindel. 
purposes, too thin a lubricant meant waste ; and too thick an oil 
meant friction from the lubricant itself. The best oil, therefore, 
was one with the lowest viscosity, consistent with economy, and the 
highest flash-point. 

He thanked Mr. J. Veitch Wilsoii (page 882) f(Jr his interesting 
co~~~n~unication, which was the inore valuable because of his long and 
varied experience with all questions of lubrication ; and he hoped 
that t t l l  who had been in any way interested in the Paper would, 
froni time to time, favour him with facts, theories and improvements 
relating to the motor-car industry. 

He fully agreed with M. Mathot (page 862) as to the wed 
of a recognised standard. He thought that the trade should 
sell   no tors only at their ascertained brake horse-power, at a 
given iiiimber of revolntioiis, and should also state the fuel 
uousumption for that horse-powor. M. Mathot had selected as his 

ruociulus of power,” the vohime swept by the piston, divided by thc 
coristtlnt 11,250, and said that of t w o  motors giving e c p 1  power 
ttt equal revolutions, the better wHb that with the lower ‘‘ inoi~ulua of 
power,” i f !  uther W o n I h ,  thtt \kith the u i i i ~ h x  V O ~ ~ U I I O  riwupt by thL 
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piston. He did not think that was quite correct, because it omitted 
the factor of fuel consumption. PoRsibly M. Matbot intended to 
inchide equal fuel consumption ainong thc conditions in the ahovc 
coinpwiiRon. 
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Fig. 16. E-rII(izLst Reletrse Vn/i*e ( IZrooke) .  

Fig. 20.  

Dviving Clutch 
(Panhard). 
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Fig. 2 2 .  

DriiliicAr Gear ( M o r s ) .  

Fig. 26. 

Pweziiriatic Buffer ( M o r s ) .  

Pltrte 79. 
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Petrol-Cycle Motor (But ler) .  Plu 

Fig. 37. Velocycle, 1886-87 ; Water Cooler removed. 
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